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PREFACE 


About  twenty  years  have  elapsed  sines  the  appearance  of  the  noted  monograph, 
"The  Chemistry  and  Tecnnology  of  Nitro  Confounds"  by  A.G.Gorst.  In  the  intervening 
years,  the  chemistry  and  technology  of  e3q)losive8  has  imdergone  considerable 
development,  and  the  production  of  eoiplosives  has  become  an  inportant  branch  of 
the  chemical  industry. 

The  growth  in  the  production  of  explosives  would  be  inconceivable  without  a 
correspondingly  rapid  progress  in  the  chemistry  and  technology  of,  and  in  the 
first  instance,  without  the  developments  of  the  theoretical  principles  goveiTilng 
the  processes  of  nitrating. 

In  recent  years,  the  foreign  press  has  conducted  a  broad  discussio’"  of 
problems  of  the  chemistry  and,  in  some  part,  of  the  technology  of  explosives.  A 
^  major  contribution  has  been  made  by  the  works  of  Soviet  chemists,  and  in 
particular  those  of  Academician  A.V.Topchiyev  and  A. I. Titov.  Specifically,  the 
theory  of  nitrating  developed  by  A.I. Titov,  based  upon  the  most  recent  studies 
of  the  natiire  of  nitrating  mixtures  makes  it  possible  to  elaborate  rational 
technological  processes  for  the  production  of  explosives. 

The  Soviet  literatiure  lacks  works  generalizing  the  theoretical  and  eacpei  ^mental 
data  on  the  chemistry  and  technology  of  explosives  accumulated,  during  the  past 
twenty  years.  The  author  hopes  that  this  book  KXXt  will,  in  part,  fill  this 
XUX  lacuna. 
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Tha  book  before  you  systeaMtlses  the  HX  on  the  propertiea  and  methoda  of 
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production  of  high  exploalvas,  examlnss  the  theoretical  OQi  foundations  on  whidh 

based, 

the  technological  processes  are  WBBKHy  and  reflects  the  state  of  the  production 
of  high  explosives  abroad,  as  revealed  in  the  Literature. 

The  book  consists  of  three  parts,  embracing  the  three  most  importemt  classes 
of  explosives.  The  first  part  describes  nitro  conpounds,  the  second  nitroaminos, 
and  the  third  nitric  esters. 

Tn  the  first  chapter  of  each  part,  the  general  properties  of  the  explosives 

of  the  given  class  are  illuminated,  as  are  the  theoretical  fundamentals  of  the 

chemistry 

process  by  which  they  are  produced.  Further,  a  description  of  the  BQHOXil 
and  technology  of  the  most  important  representatives  of  this  class  is  then 
presented. 

In  the  first  part,  in  addition  to  the  foregoing,  them^iya  description 

homogeneous 

of  the  kinetics  of  the  process  of  nitration  in  KMBijPHtiKlil  and  heterogeneous 

conditions  is  provided,  as  well  as  the  nitration  process  flow  and  the  acid 

equipment  of  the  high-explosives  plant. 

The  author  wishes  to  express  his  profound  gratitude  to  his  teacher, 

Nitro  Compounds** 

A.G.Gorst,  whose  book,  '*The  Chemistry  and  Technology  of  served 

as  the  exanple  on  which  this  monograph  was  constructed.  The  author  is  also 
deeply  indebted  to  K.K.Andreyev,  A.S.Bakayev,  G. I. Mel’nikov,  N.Te.Moysedc, 

V.N. Nazarov,  S.L. Simonenko,  and  A. I. Titov,  for  their  criticism  and  advice. 

The  author  wishes  to  express  his  particular  acknowlsdgeswnt  QSEi 

to  the  Scientific  Editor  of  this  KKXK  book,  G. A. Avakyan,  who,  in  addition  to  a 
most  careful  examination  of  the  work  and  the  HUBHIilt  Introduction  of  the 


ill 


IW0MSU7  oomotlons  mi  additions,  is  also  rssponsibla  for  tha  eoapllation 


of  ths  tablss  of  txplosives  and  themooheadcal  valuss  for  sxplosivss,  and  for 


tbs  raw  materials  and  IntArmsdlates  thereof. 


The  author  will  be  grateful  for  any  and  all  critical  rwaarks  and  sfiggestlons. 
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IFfRODUCTION 


high  (HE) 

The  term  e^^loelves^le  applied  to  eyatemiwhich  tend,  under  external  influence, 
to  undergo  exceeding  rapid  chemical  transformation  accoi^anled  by  the  liberation 
of  much  heat  and  of  gases  to  high  ten^jeratures,  >diich  gases  are  capable  of 


or 


performing  work  of  displacement destruction.  Unlike  the  combustion  of  the 

high 


common  fuels,  the  eaqalosion  reaction  in  explosives  occurs  without  participation 

of  atmospheric  o:]^gen. 

High 

/^’&p)losivea  are  concentrated  energy  soiurces  and  are  therefore  employed  in 
various  branches  of  the  econony.  The  oldest  branch  of  application  is  mining. 

Today,  eaplosives  are  also  anployed  in  construction,  the  peat,  petroleum,  and  other 
ISQQDQK  branches  of  industry,  as  vrell  as  in  agriculture.  Ibpilosives  are  IQS 
extensively  employed  in  warfare  and  therefore,  that  branch  of  industry  underwent 
exceptional  development  during  the  Second  World  War. 

The  technology  of  explosives  has,  as  its  field  of  investigation,  the  methods 
and  processes  involved  in  the  production  of  these  circumstances.  The  technological 
flow  of  explosives  production  processes  is  based  upon  the  properties  of  the 


starting,  intermediate,  and  fln«il  products,  and  is  determined  by  the  nature  of 
reactions  taking  plac^^_  , 

the  .preamtiHiim* (uhe  heat  effect,  liberation  of  gases,  etc-). 

Various  factors  are  involved  in  determining  the  technological  process  flow 

in  explosives  production,  and  development  of  the  leaet  dangerous  and  most 

these 

economical  process  is  possible  only  with  due  consideration  to/factors. 

in  developing  the  technology,  selecting  the  raw  materials,  the  apparatus, 
equipment,  and  tools,  all  dangerous  operations  must  be  treated  separately. 


1 


luid  the  necessary  safety  neasurea  must  be  |B  provided  for  in  carrying  the*  out 


Autoaatic  monitoring  and  control,  electronic  equipment  and  automatic  lock 
separation  must  be  made  eoctenslve  use  of  in  the  dangerous  operations.  This  will 
also  facilitate  adherence  to  the  flow  sheet.  Complete  automation,  incli'dlng 
automatic  monitoring  and  automatic  control,  facilitates  the  carrying  out  of  the 

desired  objectives,  and  safety  in  the  work.  ■  _ 

Origin  . 

1.  lOQHBM  and  Progress  of  the  Manufacture  of .  Explosives 

A 

The  explosives  industry  came  into  being  in  the  second  half  of  the  fJineteenth 

Century,  but  its  significant  developments  occurred  only,  in  the  SKSK  Twentieth 

Centurj- ,  on  the  basis  of  the  jQKXX  extraordinary  growth  of  the  basic  chemicals 

industry,  as  well  as  of  the  coke  aemicals  and. petroleum  refining  industries,  which 

•  *  • 

are  the  sources  of  the  organic  materials  employed  In  the  SX  ma.jor  high  explosives. 

It  was  the  alcohol  nitrates  -  jFyroxylin-  and  nitroglycerin,  that  were  the  first 

to  appear.  At  the  end  of  the  Nineteenth  and  the  beginning  of  the  Twentieth  Century, 

nitro  derivatives  of  XliWiiBtKIN  aromatic  con^spunds  (picric  acid,  trinitrotoluene, 
tetryl,  ' 

fXSSfrif  etc.),  whose  properties  render  XX  them  considerably  less  dangeroxis  In 

production  and  handling,  were  Incorporated  into  the  arsenal  of  arms.  The  fact  tXXX 

more 

that  they  could  be  handled/safely  made  it  possible  to  employ  them  widely  In  filling 


shells . 


In  the  period  during  which  World  War  I  was  in  preparation,  the  countries 


that  were  to  launch  it 


large  quantities  of  munitions.  However,  the 


ooneuaption  of  shells  was  greater  than  had  been  presumed.  It  became  c"  lar  that 


artillery  fire  was  the  most  UXi  destructive  of  means  and  inflicted  the  greatest 


lOSSM 


The  e:!q)endit\ire  of  munitions  in  the  period  1870  -  1918  is  illustrated  in 


Table  1. 


Table  1 


'  1 

Period 

CoiBitry 

Quantity  of 

Shells. 

Million  Tons 

1870-1871  (Franco-Prussian  War)  . 

'  Prussia 

196!(.-1905  (Russo-Japanese  War)- 

Russia’  . 

e.tt 

1914-1918  (World. War  I). 

Russia 

50 

The  same  ,  •  .  ■ 

■ '  Austro-Hungary  ’ 

70 

.&gland  .  ' 

1  170 

II  •  •  *  .  ... 

France*  ' 

190 

The  hiftfi  .consumption  of  •munitions  during  the  First  World  War  induced  an 


increase  in  the  explosives  industry.  Many  polynltrQ  oongsemnde  of  the  aromatic  , 
hydrocarbons  obtained  in  the  ccking-of  coal  and  the  pyrolvsls  of  petrolei’n,  vere  . 
made  use  of  in  munitions.  In' order  to  satisfy  the  rising  demand  for  explosives, 
mixtures  baaed  chiefly  on  ammonium  nitrate  earns  into  wide  use  for  the  filling  of  . 
shells.  .  '  ‘  ,  '  .  .  •  .  :  . 


.,TKe  Second  World.  War  required  an  even  greater  -quantity  of  ■e:plo8lve3»  The 
,  *  '  *'*••• 

consumption  thereof  greatly  £KiU£  exceed^  that  dur.lng  the  First  World  W'ar.  Thus  • 
'  *  •  •  • 

for  exanple,  in  1910,  the '.world  production  of  explosives  IQHQPDI  constituted 
390,000  tonsi  vdiereae  a  WndidiBfMtiyi  considerably  larger  volume  than  this  was 
produced  in  Germany  alone  during  World  War  II,  as  IX  is  evident  firom  Table  2' 


Table  2 

a) 

J>} 

1 

0  . 

d) 

IMS 

1  sn.o 

180 

1  l« 

410,0 

40#.6  j 

■SM 

SM 

a)  Qemany,  years)  b)  Production  in  thousands  of  tons;  e)  Sxploelves  (Inoludlng 
NH^JK)3)j  d)  Poster 
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Kow*v«r,  pi^uetlon  of  «u<;)loiilv«8  even  on  this  scale  In  Gemany  did  not 
fronts, 

satisfy  the  needs  of  the  which  esme  to  600,000  tons  a  year.  As  is  evident 

froB  the  data  presented,  this  figure  was  not  reached.  The  effort  was  made  to 
meet  it  by  a  wide  use  of  ersatz  materials.  The  shortage  of  e^loslve^ (about 
10,000  tons  per  month)  was  substituted  for  by  the  use  of  table  salt  (a  mixtiare 
of  50^  TNT,  1+6%  table  salt,  and  l+%  of  a  special  esoulslfler  was  eD^>loyed  to  fill 
artillery  shells). 

The  acute  shortage  of  e^loslves  resulted  in  efforts  to  extend  the  list 
thereof  by  employing  new  types  of  raw  material,  but  these  efforts  did  not  meet 
with  success.  We  note  only  nitro guanidine,  production  of  which  cams  to  2000  tons, 
a  month  in  1944.  However,  nitroguanidine  did  not  gain  extensive  popularity  as  an 
explosive,  but  was  employed  chiefly  in  the  powier  industry. 

Thiis,  despite  the  substantial  expansion  of  the  scale  of  production,  Cierman 
industry  did  not  cope  with  the  problem  of  providing  the  army  with  quality  sjqslosives 
in  sufficient  qiiantity. 

331,000,000  377,000,000 

In  the  United  States,  jjXxMZIIdK  shells,  JTJPQUQZXKK  mines,  5,900,000  tons 
of  aviation  bombs,  and  tens  of  millions  of  tons  of  other  munitions,  were  manufactured 


in  the  course  of  World  War  II. 


^  llfiereas. 


TNT  was  the  major  high  explosive  employed  during  the  Second  World  War, 


dtiring  the  First  World  War,  other  XXZiX  nitro  derivatives  of  the  aromatic  hydrocarbons  i 
were  employed  along  with  TNTy^in  considerable  quantities,  during  the  Second  World  War,-^ 

TNT  or  esqjlosive  mixtures  ss^loying  it  as  base  (aanonltes,  alloys  of  TNT  and  hmxogwi, 
etc.)  were  used  particularly  extensively.  Thus,  the  share  of  TNT  in  the  German  Industry  .  '*>' 
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was  more  than  50^  of  the  output  of  all  eyXploslves,  ae  is  clearly  evident  from 


Table  3  (Bibia). 


Table  3 


a) 

b) 

c) 

d) 

18600 

31000 

C) 

3  470 

7000 

c\ 

400 

830 

1400 

h) 

16 

30 

1) 

660 

050 

1  sto 

5000 

33316 

38780 

a)  Explosive;  b)  Production,  June  1943,  tons;  c)  Production  planned  for  June  1944> 

(RC>X) 

tons;  d)  TNT;  e)  Hexogen;  f)  Picric  acid;  g)  PSHJ;  h)Tetryl;  i)  Hexanitrodiphenylajnine; 
j)  Dinitrobenzene;  k)  Total 


These  data  show  that  the  most  powerful  explosives  -  hexogen  cind  PETN,  >rtiich 
were  not  employed  in  World  War  I,  were  widely  used  in  World  War  II.  Particular 
attention  was  given  to  developing  the  industry  producing  substances  in  coTxntries 
that  did  not  have  sufficient  resources  fcr  the  production  of  explosives  based  on 
aromatic  compounds.  For  example,  in  Italy,  mass  production  of  hexogen  and  PETN 
began  as  early  as  1932  -  1933*  Both  these  substances  were  employed  by  the  Italians 
for  the  filling  of  munitions,  not  only  in  the  pure  or  phlmgmatizod  form,  but  in 

mixtures  with  ammoni^J^itrate.  In  Germany,  hexogen  was  widely  employed  to  fill 

s 

BHHHBHtHmamg  armor-piercing  and  shaped-charge  shells.  PETN  £ind  RDX  were  also 
produced  in  France,  KXlXginnQI  Czechoslovakia,  HBL  Canada,  and  the  USA. 

Like  the  First  World  War,  the  Second  again  required  extensive  aog)loyaent  of 
ersatz  filling  of  artillery  munitions,  and  this  in  turn  meant  that  detonating  devices 


-  caps  and  detonators  -  huid  to  be  rendered  nore  powerful.  The  most  powerful 
erolosives  -  PKTN  and  ROX  -  came  to  be  en^lbyed  therein. 

2.  Classification  of  High  fixplosives 

Today,  a  large  number  of  high  estplosives  are  known,  but  only  a  few  of 
them  are  of  practical  significance. 

Explosives  may  be  solid,  liquid,  or  gaseous.  Examples  of  solid  explosives 
are  TNT,  picric  acid,  and  pyroxylin.  Liquid  explosi’res  include  nitroglycerin, 
nitroglycol,  and  a  solution  of  nitrobenzene  in  nitric  acid.  Gaseous  explosives 
include  a  mixture  of  hydrogen  and  oxygen,  methane  and  air.  Only  solid  and 

liquid  explosives  have  achieved  practical  employment  in  engineering  and  military 
affairs . 

In  their  applications,  eoplosives  may  be  classified  into  four  groups; 
l)  initiating  explosives;  2)  high  ei^qjlosives;  3)  propellent  explosives  or  powders; 
4)  pyrotechnical  mixtures.  The  present  volume  shall  examine  only  high  explosives. 

In  composition,  high  explosives  are  classified  into  two  large  groups:  chemical 

# 

compoxmds  and  explosive  mixtures.  The  first  group  includes  the  following  iiportant 
classes  of  explosives: 

a)  Nitro  compounds,  which  are  organic  coopounds  containing  one  or  several 
C-NO2  groups.  The  polynitro  derivatives  of  aromatic  compounds  are  of  the  greatest 
significance.  A  considerable  portion  of  the  nitro  compounds  of  the  aliphatic 
hydrocarbons  are  also  explosives,  but  only  a  few  are  of  practical  significance; 

b)  Nltroasdjies,  vdilch  are  organic  coi^)ounds  containing  the  grovcp  N-NO^; 
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c)  Nitric  estvrs,  which  are  organic  coopoundt  containing  th«  O^N02  grovp. 

The  nitric  eaters  of  alcohols  and  carbohydrates  are  aB4)loyed  as  e^losives; 

d)  Nitric  acid  salts.  The  most  widely  eii5)loyed  is  anmonim  nitrate  (NH^NO^), 

as  well  as  the  .nitrates  of  organic  eoii5)ounds  ti|  (guanidine,  urea,  methylamine  etc.). 
The  second  group  is  comprised  of  explosive  mixtures  containing  or  not 
containing  explosives.  •  .  •  .  • 

The  most-'  important  classes  of  explosive  mixtures  containing  explosive 

•  * ■  *  ’  •  .  *  •  *•  *  •  *  ‘  • 

•  .  •  •  e  *  .  * 

eonponents  include:  .  . 

•  .  ’  Ammonites.  ...  •  . 

•.  ’a)  MBBtmOt  or  ammonium  nitrate  explosives,- consisting  .of  mixtures  of’ 

•  •  *  '  *  •  , 

•  ammonium  nitrate  and  nitro  comjDOvmdsj  ’  .  ‘  '  ' '  '  ' 

b)  Alloys  and  Eiixtures  of  nitro  compoundsj  '  .  ,  •  . 

•  •  .  t  .  •  *  . 

•  ,  e  •  • 

g)  Nitroglycerin  e.xplo3lve3  (dynamites)?  ’  '  '  '  ■ 

•  • 

4  •  ,  *  , 

.  d)' Chlorate  and  perchlorate  oxplosi-ves  •  mixtures  of  salts  of  chloric  or 

'  .  •  ■  vd,th  •  •  '  ■  .  •  . 

chlorous  aclds/nitro  conpounds,  etc*  .  .  •  .  ' 

The  mixtures  consisting  of  honexploslve  components  include. combustibles 

*•’**•  *♦  » 
and  substances •coritalning  substantial  amomts  of  oxygen -or  some ’other  oxidizer. 

Under  these  circumstances,  the  explosion  reaction  consists  of  oxidation'of  the 

el’ements  conposing  the  combustibles  by  the  oxygen  in  the  oxidizers.  Explosive 

mlxt lures  of  non-explosive  ccmponents  may  be’41Ii>iit<  classified  as  follows: 

saltpeter 

a)  smoking  powders  -  mixtures  of  VEEESfSEBk  and  coal;  b)  oxyllqulds^  .mixtures  of 

liquid  air  and  combustibles;  c)  Mixtures  of  concentrated  nitric  acid  or  some  other 

liquid  oxidizer  with  combustibles. 

nitrate 

The  aanonium  MBtfini  explosives  are  the  most  isportant  in  the  category  of 


7 


•nloslrs  mlxburu. 

Artillery  poses  very  rigid  specifications  for  high  eaqslpsives.  They  Bust  be 
highly  powerful,  safe  to  handle,  be  sufficiently  sensitive  to  the  initial  iji^ulse, 
and  stable  in  storage.  In  addition  to  all  the  foregoing,  high  explosives  used  in 
armaments ‘must  have  an.  adequate  ]OflCIXlI  availability  of  raw  materials,  and  the 
method  of  production  must  be  sufficiently  simple  and  safe. 

The  e^qildslvea  currently  eu^ployed  are  far  from  ¥Xitlltjfit8g  satisfactorilj  meeting 
the  requirements  indicated  and^  therefore,  the  search  for  new  powerful  e:q5losives 
having  the  properties  indicated  above  is  a  very  Important  problem  for  the  scientiets 
aiid'  engineers  working  in  this  field.  Equally  urgent  is«the  problem  of  improving 
the  technology  explosives  production  to  reduce  the  danger  involved  in 
manufacture  and  to  increase  labor  productivity  and,  as  a  consequence,  to  reduce 
the  cost  of  the- product.- 


«  .  * 


PABT  I 


I.  NITHO  COMPOUNDS 

Nitro  compounds  are  substances  containing  the  nitro  group  (NO2) .  In  these 
con^oiuids,  nitrogen  is  attached  directly  to  the  carbon  atom  of  the  molecule.  Both 
oxygen  atoms  and  nitro  group  are  of  equal  in^ortance,  and  therefore  the 
structural  formula  appears  as  follows: 


However,  the  structure  of  the  nitro  group  is  now  believed  to  be 


or,  what  amounts  to  the  same  thing, 


This  structure  will  become  comprehensible,  if  itAassumed  that  the  nitro 
group  is  formed  from  the  nitroso  group,  as  follows. 

R-N^O+0-».R  — Nf  . 

Herein,  an  electrostatic  reaction  arises  between  the  nitrogen  atom  and 
the  second  oxygen  atom,  because,  in  establishing  the  valence  bond,  the  nitrogen 
atom  ejqiended,  not  one  electron  from  its  outer  shell,  as  occurs  in  the  ordinary 
kind  of  HWHQlHBf  covalenti  bond,  but  two,  and  thus  acquired  one  positive 
elementary  charge.  However,  the  oxygen  atom,  not  only  did  not  yield  a  single 
electron  for  formation  of  the  doublet  attaching  it  to  the  nitrogen,  but  acquired 
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one  electron  of  the  free  nitrogen  pair,  i.e.,  it  acquired  one  elmentary  negatlre 


charge.  Thus,  the  bond  between  the  second  atom  of  oxygen  and  the  nitrogen  is  a 
semlpolar  bond. 

Nitro  ccmipounds  are  Isomeric  XXBQdlXlS  with  respect  to  the  nitric  esters  R-ONO, 
containing  the  monovalent  radical  G-N-O,  isomeric  to  tho  .utro  group. 

The  nitro  group  usually  strengthens  the  acid  properties  of  organic  confounds, 
tending  to  give  them  or  to  reinforce  polarity.  The  presence  of  the  nitro  group 
complicates  the  nitration,  sulfonation,  chlorination,  Friedel-frafts,  and  similar 
reactions.  In  ths  aromatic  nitro  compounds,  the  nitro  group  directs 
substituents  chiefly  into  the  meta  position. 

In  terms  of  the  number  of  nitro  groups,  nitro  BaSi  compounds  are  classified 

exa 

as  mono-,  dinitro-  coapounds  ,etc.  The  mononitro  conpounds^  the  aliphatic 
series  R-N02,are  classified,  depending  upon  the  type  of  radical,  into  primary  (I), 
secondary  (II),  and  ternary  (III):conpounds: 


\ 


R's 


R'CH,-NO,:  CH-NO,;  R''-C-NO,. 

R'""  R"" 

I  11  III 


Th?  aromatic  nitro  conpounds  form  various  isomers  which  differ  from  each 
other  in  terms  of  the  relative  positions  of  the  nitro  and  other  groups  in  the 


benzene  ring. 
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CKAPTEK  I 

GENKRAL  DESCRIPTION  OF  THE  AROMATIC  NITRO  COMPOUNDS 

The  polynitro  con^iounds  of  the  aromatic  series,  such  as  TNT,  TNX,  ffUmHflijHflffijFI 

dinitrophenol,  etc.,  are  NifcXiBfy  ejqslosives  and  have  found  vrtde  application  ir. 

practical  use.  The  SXKS  C-NO2  bond  is  of  adequate  stability,  and  it  makes  for 

the  high  stability  of  the  nitro  confounds  (for  exatqsle,  TNT  SMN  does  not  decompose 

basic 

at  temperatures  of  up  to’ 150°).  The^oaao®*  explosives  in  this  class  are  of 

polynitro 

comparatively  low  sensitivity.  All  the  aromatic  jffililHHIW  compounds  are  solids, 

■srtiich  makes  it  easy  to  use  them  in  various  types^  of  munitions,  particularly 

shells.  ■  •  ‘  .  ‘  ■  .  ’ 

*  •  *  * 

The  starting  material  for  ejqslosive's  of  this  class  consists^'  of  aromatic 
hydrocarbons,  phenols,  and  nitrating ‘mixtures .  Aromatic  hydrocarbons  are  produced 

•  V  * 

in  substantial  quantity  directly  in  the  coke, chemical, and  jBHnHraiiX  petroleum  IWlOnHIty 
industries,  and  phenols  are  obtained  synthetically,  for  the  most  part,  from  benzene, 
vrtiich  is  also  a  product  the  coke  chemical  and  petroleum  industry.  The  XJQQQi 
sjT.thesis  of  nitro  comj  onds  does  not  present  major  difficulties.  The  synthesis 

i 

of  nitro  compounds  of  the  phenols  is  somewhat  more  complex  .  nd  requires  special 
precautionary 

measures,  due  to  certain  specific  properties  thereof. 

corresponding 

The  aromatic  nitro  confounds  ^u*e  produced  by  nitrating  the  jQUpOBSXg  confounds 

by  a  mixture  of  sulfuric  XZZi  and  nitric  acid.  Technically,  the  nitro  product 
a 

is  rarely  pure  substance.  Usually,  a  mixture  of  various  isomers  results  in  the 
course  of  production. 

U 


I 


^tro  coiq)Ound8  are  widely  enq^loyed  in  the  aniline  dye  Industry  as  starting 
products  wi^ie  production  of  corresponding  amines.  They  are  also  manufactured 
in  largo  3SX  quantities  in  the  explosives  industry,  as  they  eu-e,  in  addition, 
intermediates  for  the  production  of  polynitro,  compounds  -  the  basic  high 
explosives  o  In  the  past,  mononitro  conpounds  used  to  be ‘added,  as  an  independent 

product,  to  the  explosive  trinitro  conpounds.  Tor  exanple,  XI  mononitro  naphthal£n<. 

•  •  • 

Vfas  employed  in  an  alloy  vfith  picric  acid,  to  phlegmatlze  the  latter.  The 

•  *  .  • 

‘  e 

mononitro  compounds' do  £X  not  have  explosive  properties, 

■  .  •  '  •  •  "  '  * 

The  dinitra  conpounds  do  have  explosive  properties.  Some  of  them  are 

employed  in  explosive ‘mixtures.  However,  they  are  not  emploj’-ed  independently 

e  •  ‘  *  *  • 

^  *  e  - 

•  •  •  . 

as  explosives.  As  Indicated  above,  the  dinitro  compounds  are  explosives.  The 

•  «  *  *  * 

tetranitro  compounds  are  also  explosives,  but  are  less  stable  and  more  sensitive 

*  *  »  • 
to  mechanical  action,  and  therefore  they  do, not,  as  a  rule,-  fiave  practical  value, 

•  *  -  *  .  ,  * 

•  •  Explosives  of  the  nitro  compound  class  have  a’  number  cf  common  properties,  * 

*  ’  •  *  •  • 

»  .  •  *  *  •  ,  ' 

A  characteristic  ^reaction  for  them  is  ’the  reduction  reaction 

*  '  *  *  •  • 

•  ,  .  *  *  *  *  • 

Ar*-NOa+tH  —  ArNH^+2H/).^ 

*.  •  .  •  ■ 

_  ^  •  * 

KKX  Reduction  of  the  nitro  .conpounds  takes' place  thu-ough  ■Ois  itiediian  of* a 

number  of  intermediate  stages.  In  an  acid  msdium,  3tX  reduction  proceeds  energetically, 

•  ♦  « 

first  to  the  stags  of  nitroso  ccmpounds  and  then  to  the  stage  of  the  derivative 

-  ,  *  *  * 
hydroxy  lamina,  further  reduction  of  >rtiich  fit  yields  the  amines 

Ar  -  NOt  ArNO  -»  ArNH  (OH)  AiNH|. 

In  an  alkaline  medium,  reduction  goes  less  energetically.  Its  terminal 
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products  ars  the  nltroso  ccopound  and  the  derivative  hydroxylanlne,  iriiloh 


undergoes  condensation  into  the  nitroxy  coDg)ound: 


ArNO  4- AfNH  (OH) -*  Ar  -  N  -  N  -  Af  +  HiO. 


In  certain  cases,  the  reduction  reaction  of  nitro  groups  attached  to  an 
aromatio  ring,  proceeds  in  special  fashion.  If  the  nitroso  compound  undergoing 
reduction  contains  the  methyl  group  in  para  position  relative  to  the  nitro  group, 
one  or  two  atoms  of  the  hydrogen  of  the  methyl  group  will  cleave  off,  resulting 
in  the  formation  of  dibenzyl  and  stilbene  derivatives  (Bibl.2)s 


CH,- 

-CH, 

1 

.n 

/\ 
i  1 

CHa 

t 

— >  1  I 

\/ 

1  1 

1 

1 

/\ 

t 

NO, 

NO, 

U' 

CH  -  CH 

NO, 

'->n 

1 

/\ 

1  1 

N/ 

1 

u 

1 

NOj 

NO, 

n,  n*  -  dinitrobenzene 


n,  n*-  dinitrosfilbene 


Nitro  compounds  do  not  react  with  dilute  sulfirric  acid.  However,  with  tho 
concentrated  acid  they  form  salt^-like  ion  compounds,  such  as  J  CeH»— %0^]  HSO«.  ! 
They  react,  in  similar  fashion,  aluminum  chloride  and  like  substances.  Moncnitro 
compounds  react  more  readily  with  sulfuric  acid  than  do  the  SjQI  di-  and  trinitro 
conqDOunds,  The  formation  of  complexes  containing  H2S02|^  makes  it  difficult  to 
nitrate  them,  whereas  con^}lexe3  >d.th  AlCl^  create(||^  difficulties  in  alkylation  and 
acylation  in  accordance  with  the  Friedel-frafts  reaction. 

Because  they  contain  acid  nitro  groins,  the  polynitro  coispounds  are  ci^ble 
of  reacting  with  the  cauetice,  the  SIX  alc^holates,  and  asBonia,  with  foraation 
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of  tinted  products  of  ^Inoid  structure.  This  Is  the  basis  Xlffi  for  lanoTskiy's 

qualitative  test  for  nltro  cooqsounds.  He  found  that  solutions  of  nltro  confounds 

in  alcohol  or  acetone  with  caustics  yield  a  characteristic  bright  color  (see 

Appendix  1  for  the  characteristic  colors  of  nitro  congsounds  in  caustic  solutions). 

This  reaction  may  be  employed  successfully  to  differentiate  mononitro 

derivatives  of  benzene  from  the  di-  and  trinitro  derivatives.  Thus,  in  the 

presence  of  acetone  and  alkali  hydroxides,  the  mononitro  compounds  of  this  series 

do  not  color  the  solution,  the  dinltro  confounds  give  it  a  reddish  violet  color, 

may 

and  the  trinitro  oonpounds  caiise  it  to  become  blood  red.  The  color  reaction  MJQf 
be  lacking  if  a  large  number  of  substituents  are  present,  as  is  the  case,  for- 
example,  in  trinitromesaetylone ■ 

A  study  of  the  Yanovskiy’s  reaction  resulted  in  the  discovery  of  a  number  of 

regularities:  2,4-<iinitro  compounds  color  anj^f alkali  xpt  hydroxide  in  acetone 

ortho- 

solution  sky  blue,  if  a  methyl  group  is  in  the  iOBOSS  or  para-position.  However, 
if  some  other  group  is  in  this  position,  the  coloration  will  be  red.  Di-  ai*i 
trinitro  compounds  whose  nitro  groups  are  in  other  positions  than  these  form 
colorless  solutions,  or  yield  a  pale  yellow  tint. 

The  presence  of  hydroxyl  or  amino  groups  in  the  ring  inhibits  the  reaction. 
Acylation  of  the  hydroxyl  group  yields  no  results,  but  introduction  of  the 
group  Instead  of  the  hydroxyl  eliminates  the  effects  of  the  latter.- 

According  to  Hantzsch  and  Kissel  (Bibl.3),  the  reaction  of  aixsaatic  nitro 
derivatives  with  alcoholates  and  alcohol  solutions  of  the  caustics  results  In  the 


fonutlon  of  salta  of  the  following  structure: 


>0 

Ar>NO|+CtHtOKa^Ar-N-ONa  . 

^OCjH, 


However,  this  structure  ISCCS  does  not  ejcplain  the  coloration  of  the  resulting 


substances. 


Melsenhelmer  (Bibl.4)  suggested  that  under  the  effect  of  alcohol  solutions 

of  caustics,  the  benzoid  form  of  the  ring  converts  to  the  qulnold  form,  and  the 
con^iound  • 

resultant  is  a  salt  of  qulnolonltric  acid.  Later,  Hwtzsch  (Blbl.5) 

pointed  out  that  the  sky  blue  coloration  of  the  reaction  products  of  aromatic 

due 

nitro  compounds  and  alcoholates  is  MUM  bo  the  presence  of  the  following  pHBji 


group  —  N 


\0Me. 

I. V. Stefanovich  (Bibl.6)  isolated  monoy  bij  and  trimetallic  derivatives  of 


ma  2,4-dinitrotoluene,.  2,4, 6- trinitrotoluene,  2,4,6-trinitro-m-2ylene,  JjhSfJXX. 
1,3,5-nitrobenzene,  MSmSMSjil  and  2,4,6-trinitrophenylmethylnitroainlne  and 
tetryl,  and  found  thst^except  for  tetryl,  these  substances  attach  themselves,  in 
an  iODQBOi  anhydrous  toluene-alcohol  medium^  to  the  molecule  of  the  nitro  con^jound 
in  the  molecule  of  the  alcoholates  of  the  alkali  metals  in  a  quantity  equal  to 
the  number  of  nitro  groups  in  the  substance.  It  is  proved  possible  only  to 
attach  three  molecules  of  alcoholate  to  the  tetryl. 

When  caustics  act  in  the  presence  of  oxidizers  i5)on  polynitro  conpounds 


containing  a  methyl  group,  the  result  is  dark-brown  substancss  of  complex  and 
oonqjosition. 


heterogeneous 


Copisarov  (Blbl.7)  regards  them  as  derivatives  of  dibensyl 


and  etilbene  resulting  from  nitro  moleciilar  oxidation  and  condensation. 
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In  shock  sensitivity^  the  aotal  lerlvatlves  of  the  aroDAtle  nltro  oa^>oQnds 

approximate  Initiators,  but  their  sensitivity  to  friction  Is  considerably  lower. 
h 

Some  of  them  have  very  low  flash  points,  for  example.  In  the  case  of  the  snsonlabei 

derivative  of  HiT,  It  Is  approximately  50®. 

Korczynskl  (Blbl.S)  showed  that  when  |iQDt  gaseous  ammonia  acts  upon  nltro 

derivatl'ser  of  the  aromatic  hydrocarbons,*  the  consequence,  depending  ipon  the 

conditions,  will  either  be  a  salt  or  an  addition  product^  . '  At  low  tonperature' 

(of  the  order  of  -10°),  salts  are  formed  that' contain  more  ammonia  than  might  have 
yxKmnenncrmiyY  stoichometricaiiy.) 

been  e^q^ected  iQQaXKSXSIH  '^Thus,  for  example,  he  obtained  the  following 

salts:  2,6-C6H3(N02)20H  *  2NH3;  2,4,6-C6H2(N02)30H '•  2NH3;  2,4-C6H3(N02)2C00H  • 

•  •  • 

•  2KH3;  1,'3,5-C6H3(N02)3  *  2NH3  and  various  others.  These  salts  are. termed 

Korozjmski^s'  *  '  ’ 

’'abnormal*'. salts, .  In  addition,  addition  products  are  obtained. 

•  e  * 

•  e  •  e  * 

•  • 

With  increase  in  temperature,,  the  "abnormal  salts'?  dissociate  into  ananonia 

normal  "  '  ’  •  . 

and  XXSQi  "ammonia  salts"  which  yield  the  initial  nltro  products  upder  the  influence 

c'f  dilute  mineral  acids.  The  products ’of  addit’ion  of  ammorjia  to  the  nitro 

derivatives  of  the  aromatic  hydrocarbon  also  lose  part  of  their  ’ammonia  when 

the  tenperature  is  raised,  but  neither  in  the  prese'nce  of  dilute  mineral  acids 

nor  under  other  circumstcinces  do  they  regenerate  the  original  nitro  derivative. 

The  presence  of  moisture,  and  of  low  teuperature,  significantly  raise  the 


anmonia  reaction  CEX  rate. 


The  conpounds  studied  may  be  arranged  in  the  following  series  of  diminishing 


sensitivity  to  ammonia: 


1,  3,  8-C|H,(NO|)»>3;  4,  S^C8Ht(MOl)aCH,>2,  4.  6- 
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TrinltrobenEane  reacts  almost  instantaneously  with  anhydrous  gaseous  awonia 

’  I 

at  15°,  but  trinltromes^btylene  does  not  change  at  all  even  irtien  subjected  for 


many  hours  to  moist  gaseous  ammonia  at  15°  • 

The  accumulation' of  nitro  groups  in  the  nucleus  facilitates  reaction  with 
caustic  reactaiij^,  the  now  substituent  being  sent  into  the  ortho-  or  para-position. 

Thus  regularly  yields  picric  acid  upon  oxidation  in  a  cavistic  medium, 

TyyyimnmrT  1,3-dinitrobenzene  converts,  with  NH2OH,  into  l,3-dinitro-2,4-diaminooaiizeno. 

•e 

a 

13  Ortho-  and  para-d Initro  compounds  really  exchange  one  of  the  nitro  groups  for  a 

s 

•  « 

hydroxyl,  alkoxyl  ^  or  amino  group  under  the  effects  of  caustics,  alcoholates,  or 
amines,  respactively  (Bibl.9)« 

containing 

Many  aromatic  nitro  confounds,  particularly  those  IQQQQQXiS  the  nitro  group 
•  *  in  a  side 

in  the  ortho-position  IKKXIX  chain,  are  light-sensitive,  and  this  results  in 

«  *  • 

shifting  of  th«  oxygen  atom  of  the  nitro-  group.  Thus,  light  causes  an 

•  e  «  .  • 

e  e  •  ♦ 

■  *  ©rtho-nltrobeuzgla  aldehj^e  to  undergo;  virtuaj^  complate  conversion  into 

■  e 

•  • 

«  • 

ortho-nltrobensolc  aciSt 


O. 

y/ 

C-H 

/'•V 


NO, 


\/ 


C-OH 

NO 


/ 


Polynltro  compoimda  undergo  similar  conversions  due  to  light  at  the  cost 
in 

of  the  nitro  groups/the  ortho-poeitlon  in  the  side  chain.  This  usually  ia  accoa^miad 
by  ' 

jfflOl  the  formation  of  QiX  dark-colored  products  (Bibl.lO). 

iqpon 

The  Affect  of  sunlight  over  a  period  of  several  months  U  a  mixture  of 

HSBBL 
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aromatic  nltro  confounds  and  othar  organic  oonqsounls  will  oauta  th«  nitro 


conpounds  to  manifest  their  oxidizing  pffijHiiHUKH  properties,  under  the 

conditions  described,  a  mixture  of  nitrobenzene  and  aiqnt*MMia«  naphthal^aTwlll 

reveal  traces  of  nxXX  ^-naphthol/^ and  a  mixture  of  nitrobenzene  and  toluene 

benzoic 

to  yield  an  insignificant  quantity  of  WOOBUt  acid  and  para-aminophenol.  Nitrobenzene 


pai^a^aminophenol, 

and  aniline  yield  nitrosobenzene,  phenylhydroxylamine,  jHtwxMmniyinnty 

aloxybenzene,  and  ortho-agpxybenzene.  When  light  is  applied  for  a  long  period 

to  a  mixture  of  ortho-nitrotoluene  and  aniline,  the  consequence  is  the  formation 

2-benzoaio-metacresol. 

of  para-aminophenol,  2-methylajBDxybenZene,  and  *XTnnt¥Xinnnannnannnnnfr  The  light 
sensitivity  of  the  nitro  compounds  has  had  rather  detailed  study  (Bibl.ll). 

The  nitro  group  improves  the  acid  properties  of  a  phenol  XK  hydrojgrl  and 
reduces  the  basic  character  of  the  amino  group,  particularly  in  the  ortho-  and 

I 

para-  ^Jgtions.  Thus,  fca-  example,  nitrophenols  are  stronger  'icids  than  are 

phenols.  The  basicity  of  the  amino  group  in  polynitro  derivatives  of 

aromatic  amines  drops  so  considerably  that  these  compounds  lose  the  capacity 

to  form  salts  in  combination  with  acids. 

The 

XKX  nitro  group  of  aromatic  compounds  is  capable  of  activating  replacement 
groups  and  the  hydrogen  atoms  of  the  benzene  ring  which  are  in  the  ortho-  and 
para-positions  relative  thereto.  The  activating  effect  of  the  nitro  group  is 
expressed  in  weakening  the  bond  of  the  second  nitro  group  or  another  electrically 
negative  substituent  with  the  ring,  and  therefore  these  groups  are  readily 
replaceable  by  others. 


For  exangjle,  in  dCB 


dlnltrochlorobenz ene , 


the  chloi 


readily  replaced  by  hydroxyl 
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undsr  th«  effect  of  1%  eolutlon  of  caustic  soda  at  a  te^>erature  of  lOO^’Ct 


a 


r> 


ON| 

N(^ 


+  NiCI  +  HA 


14. 

i 


while  the  presence  of  a  catalyst  -  copper  -  and  a  ten^erature  of  300  -  375°C  is 
required  for  the  same  reaction  to  occur  in  chlor ibenzene,  so  that  the  process  is  to 
be  conducted  in  an  autoclave. 

With ■ increase  in  the  number  of  nitro  groups  in  the  ring,  their  mobility  usually 

increases,  so  that  the  possibility  of  replacing  them  in^jroves. 

In  ortho-nitrophenols  and  ortho-nitroanalines,  a  hydrogen  bond  is  f'—mied  of  the 

following  tjpe  ®  '  with  a  consequence  that  bonds  of  this  type  differ  from 

°\h 

the  para  and  meta  isomers  by  lower  boiling  and  fusion  ten^ieratures,  greater  volatility, 
more  intense  coloration,  solubility  in  liquids  of  low  polarity,  etc.  (Bibl.l2). 

Aromatic  nitro  compoounds  have  a  very  pronounced  capacity  to  form  addition 
products.  This  capacity  increases  with  increase  in  the  number  of  nitro  groups  in  the 


ring. 


Methylized  nitro  derivatives  go  into  condensation  reactions  with  aromatic  nitroso 
con^jounds  and  aldehydds.  In  the  former  instance,  for  example,  upon  condensation  of  TNT 
and  2,4,6-trinitrobenzaldehyde  and  dialkylphenylenediamine : 


(NO,),  C,H,  •  CH,  +  NO  -  C,H4  -  NR,  (NO,),  C,H,  -  CH  -  N  -  QH,  —  NR,; 
^  (NO,),  C,H,.CHO  +  NH,  -  -  NR,. 


In  the  latter  caae,  stilbene  derivatives  are  fomed  in  accordance  with  the  following 


_  NO, 

_ /N (CH,),  0,N^  -  CH/ _ ^N  (CH,),. 


“1*5, 
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reaction 


hydrocarbons, 

Ths  polynltro'/'  confounds  form  complexes  with  the  aromatic  h9WWOIVPiW8V( 
phenols,  and  esters  thereof,  with  amines,  etc*  Ths  ctnaplex  compounds  of  polynitrb 
compounls,  particularly  the  picrates,  are  en^loyed  to  identify  aromatic  cou^oxinds* 

The  chemical  structure  of  the  substance  and  the  nature  of  the  substituents  effect  its 

.  a 

explosive  properties.  The  amount  of  internal  energy  increases  with  rise  in  the  number 

'  .  .  -  '' 

of  oxygen-containing  groups  (nitro-,  oxy-,  and  others)  and  diminishes  with  the  entry 
of  groups  not  containing  ox;,ien  (CH^,  NH2  and  others).  The  shock  sensitivity  of 
aromatic  nitro  compounds^  rises  with  increase  in  the  number  of  subsituents  in  the 
ring.  The  Influence  of  the  CHj  group  is  weaker  than  that  of  the  OH,  Cl,  Br  groups. 

The  increase  in  shock  sensitivity  upon  introduction  of  substituents  testifies  to  the 

,  .  ‘  .  decomposition 

reduced  stability  of  the  benzene  ring,  facilitating ■  tBiaWipoi4®40h  of  the  molecule. 

All  the  aromatic  nitro  compoimds  have  harmful  effects  upop  the  nervous  system  and 

dominantly  upon  the  blood,  and  destroy  the  oxygen  supply  to  the  orgariism.  Certain 

nitro  compounds  (for  example  dinitrochlorobenzene)  also  strongly  nffect  the  skin  and 

give  rise  to  skin  affections  (dermatites).  The  degree  of  harmful  effects  of  the 

various  nitro  compounds  Varies.  'In  the  general  case,  toxicity  diminishes  with 

increase  in  the  number  of  nitro  groups ^and,  if  that  number  is  the  same,  with  the 

presence  of  the  methyl  or  the  sulfo  group  in  the  ring,  the  toxic  effect  diminishes. 

For  exan^le,  dinitrobenzene  is  more  toxic  than  dinitrotoluene  or  dinitroxylene. 

A  characteristic  sign  of  poisoning  by  aromatic  nitro  confounds  is  dizziness  and 

headache.  The  poisoning  tedces  place  through  the  skin  and  the  respiratory  tract,  due 

to  the  volatility  of  the  liltro  ccmo^ounds.  Quinine  and  oxygen  are  used  in  first  aid  in 

this  type  of  poisoning  (Bibl.l3). 
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CHAPTER  II 


THBOREnCAL  FUN^iittlENTAlS  OF  THE  PROCESS  OF  NITRATION  OF 
AROHATIC  COMPOIR3DS 

Ttie  great  majority  of  the  high  ej^loeivee  in  mnnitiono  fall  into  the  category  of 
nitro  compounds. 

The  nitration  reaction  was  discovered  in  1834  by  Mitcherlikh,  who  produced’ 

nitrobenzene  by  reacting  nitric  acid  and  benzene.  The  nitration  reaction  acquired 

dyes 

practical  significance  in  the  production  of  s^Tit'hetlc  aXXN  after  the  discovery,  by  the 

distinguished  Russian  chemist  N.K.Zi'.iin,  of  the  nitrobenzene  reduction  reaction  in 

•  • 

aniline  (1842).  This  latter  substance  is,  as  we  know,  the  basic  product  employed  in 

"•dyes. 

the  production  of  synthetic  SXKin 

•  •  •  * 

Since  1842, -nitration  has  been  employed  to  produce  picric  acid  from  phenol,  which 

« 

dye  ■  .  .  ■ 

was  utilized,  until  1885,  as  a  aiX  for  silk  and  wool,  and  subsequent  to  that  year,  ae 

e 

e 

a  high  explosive.  In  the  explosives  industry,  NXiOQtXXM  the  nitration  reaction  was 
first  employed  in  1846  in  the  production  of  pyroxylin, 

'  '  Thus,  vjith  the  appearance  of  the  synthetic -MU  dye  and  the  high- explosives 

jEBBEmHLl  acQuire^ 

industries,  the  nitration  reaction  NlHOflmmX3BB\^(’e3rtraordinary  practical  significance. 

e 

A.  Methods  of  Introducing  Nitro  Groups  » 

The  choice  of  nitratifi^agents  employed  in  nitration  depends  upon  the  properties 
of  the  compound  being  nitrated  and  the  degree  of  nitration  CS  desired.  Nitric  acid 
and  a  mixture  of  sulfuric  and  nitric  acids  are  the  iOaiX  nitrating  agent^most 
frequently  employed.  However,  there  are  some  cases  in  which  It  is  necessary  to  use 


other  nitrating  agents,  such  as  a  mixture  of  nitric  aold  with  acetic  acid  or  acetic 


Introducing 

to  araploy  indirect  methods  of  jOHUimuMg  the  hitro 
group  [a  review  of  indirect  methods  of  nitration  is  presented  in  the  work  by  Hodgson 
(Bibl.l4)]. 

Section  1.  Nitration  with  Nitric  Acid 

In  general,  the  nitration  reaction  may  be  represented  as  follows: 

ArH  +  HONO,  -  Af NO,  +  H,0, 

whore  ArH  represents  an  aromatic  hydrocarbon  exchanging  its  hydrogen  atoms  for  the 
NO2  group.  This  equation  presents  an  idea  only  of  the  results  and  not  of  the  course 
of  the  reaction.  The  latter  passes  through  a  nvrjber  of  stages,  and  it  is  not  the 
nitric  acid  itself,  but  its  conversion  products  that  enter  into  reaction  with  the 
aromatic  compound. 

Many  compounds  undergo  nitration  with  extreme ’ease  under  the  influence  of 
nitric  acid  (phenanthrene,  anthracene,  naphthalene,  phenol,  etc.).  However,  the 
water  liberated  in  nitration  reduces  the  strength  of  the  nitric  acid  :  and  weakens  its 
nitrating  effect,  as  the  nitration  velocity  constant  depends  upon  the  strength  of. 
the  acid.  Therefore,  when  nitric  acid  is  used  alone,  as  the  nitrating  agent,  it 
proves  impossible  to  make  use  of  all  of  it.  When  the  acid  strength  has  been  reduced 
to  a  specific  level,,  the  reaction  virtually  ceases.  However,  dilute  nitric  ac.' i  at 
elevated  temper, ature  (  the  temperature  is  increased  to  accelerate  the  nitration) 
frequently  exercises  iuore  of  an  oxidising  than  a  nitrating  effect  upon  an  organic 
confound. 

Reduction  in  tenq^erature  is  a  means  of  substantially  reducing  the  oxidizing 

the 

procerses;  as  wall  as  ^ddQXiXSiXIXXlX  nitrating  capacity  of  the  nitric  acid 


15  diminishes  to  t  Issssr  degree  than  its  oxidizing  action^  This  phsnoosnon  is  partieularly 
noticeable  when  nitric  acid  acts  upon  readiljr  oxidizable  ccnapounds,  idiich  are  capable 

of  being  nitrated  only  at  low  temperature  and  In  the  presence  of  excess  acid. 

These  circumstances  sharply  dlaiinish  the  use  of  pure  nitric  acid  in  industrial 
practice. 

I 

16  Section  2.  Nitration  in  the  Presence  of  Water-Removing  Substances 

In  order  to  avoid  the  harmful  influence  of  dilution  of  the  nitric  acid,  and  to 

employ  it  more  fully,  wattr-removing  substances  are  employed.  That  which  is  most 

generally  employed  in  production  is  mixed  sulfuric  and  nitric  acid,  in  which  the 

and 

sulfuric  acid  serves  to  remove  the  water/simultaneously  transforms  the  nitric  acid 
into  an  active  nitrating  form.  This  permits  a  sharp  reduction  in  the  consumption  of 
nitric  acid  par  charge,  reducing  it  almost  to  XKK  that  theoretically  required  for  the 
formation  of  the  nitro  conpound.  Sulfuric  acid  has  the  fiurther  advantage  that  it 
I  reduces  the  oxidizing  effect  of  nitric  acid.  The  nigh  boiling  point  of  sulfuric  acid 
makes  possible,  >rtien  necessary,  the  performruice  of  nitration  at  high  temperature.  A 
technical  advantage  of  mixed  acid  over  nitric  acid,  of  no  mean  importance,  lies  in  the 
fact  that  it  is  capable  of  being  stored  in  iron  apparatus,  as  it  does  not  induce 
corrosion,  a  factor  of  great  iaportance  in  industrial  practice. 

Other  than  sulfuric  acid  acetic  TUiX.  anhydride,  phosphorus  pentoxide  with 
polyphosphoric  acid  and  boron  trifluoride  are  employed  as  agents  for  XXU  the  removal 
of  water  (Bibl.l5).  As  noted  by  Krater  (Bibl.l6),  the  cost  of  nitro  products  depends 
chiefly  upon  the  method  of  removing  water  from  the  reaction  zones  and  the  method  of 

I 

recovering  the  water-removing  substance.  The  cheapest  product  would  be  obtained  If 
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nitric  acid  alone  were  used  for  nitration,  and  if  it  were  then  neutralised,  or  if  it 

were  used  in  absorption  towers  XKXXXl^DBflijEX  for  the  production  of  nitric  acid. 

However,  in  view  of  the  difficulties  involved  in  the  employment  of  this  method, 

and 

nitration  Is  most  frequently  performed  with  a  mixture  of  nitric/sulfuric  acids, 
with  subsequent  recovery  of  the  latter  from  the  spent  acid. 

Other  water  absorbents,  such  as  acetic  anhydride,  are  very  ejqjensive  due  to  the 
high  cost  of  recovery  and  moreover,  induce  undesired  side  reactions  oonqjlicatt’tg  the 
purification  of  the  end  product.  Acetic  anhydride  is  used  rather  widely  in  the 
pharmaceutical  industries,  in  the  perfui.e  industry,  and  also  in  the  high  erqjlosives 
industry  in  the  MJHCSX  manufacture  of  RDX  as  a  water- absorbent  in  nitration  (Bibl.l?). 

In  recent  years,  boron  trifluoride,  which  is  an  active  accelerator  and  dewatering 
agent  in  the  processes  of  sulfonation  and  nitration  has  gained  industrial  use  in  the 
production  of  nitro  oonpounds  (Bibl,15)» 

When  sufficient  boron  trifluoride  is  a/ided,  nitration  and  JQKX  sulfonation  may  bo 
performed  by  stoichiometric  amounts  of  sulfuric  XSXS  and  nitric  acids.  When  this  is 
done,  the  reaction  proceeds  as  follows: 

RH  +  HNO, + BP, -*■  8  -  NOj + B  F,  •  H,0; 

RH  +  HJSO4+ BF,-*-R-S03H  +  BF,.H,0. 

If,  upon  completion  of  the  reaction,  sufficient  water  is  added  to  convert  XSX 
BF3  •  H2O  into  BF^  ♦  2H2O,  this  latter  compound  may  be  driven  off  in  vacuum^  as  a 
heavy  color  lees  liqviid.  SQiK  Boron  fluoride  is  liberated  from  the  dihydrate  by  the 
addition  of  calcium  fluoride  and  subsequent  heating  of  the  product  by  the  reMtlon: 

2BP,2H,0 +CaP,-^Ca  (BP,),  4H,0; 

Cs(BP4),-«»Pa-|-C<P» 
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16  Section  3.  Nitration  by  Nitric  Acid  Salte 


In  some  cases,  the  nitric  acid  is  replaced  by  salts  thereof,  iihioh,  idien  mixed 


with  sulfuric  IN  acid,  form  nitric  acid: 


NtNO|+H,SO«  —  HN0i+NaHSO4. 

The  advantage  of  this  method  lies  in  the  fact  that  it  makes  possible  the  use  of 
a  completely  anhydrous  nitrating  substance , and,  what  is  most  important,  one  tha+  does 
not  contain  nitrous  acid.  Nitrating  mixtures  of  this  type/^  induce  virtually  no 
oxidation  processes  (Bibl.18,  19,  20),  according  to  experiments  conducted  by 
^rof .  A.V.Stepanov  and  Academician  A.V.Topchiyev.  A  shortcoming  of  these  is  the 
impossibility  (at  present)  to  make  any  use  of  the  sodium  bisulfate  vrtiidiis  the  nitration 
waste.  From  this  point  of  view,  it  is  more  rational  to  employ  ammonium  nitrate,  as 


the  ammonium  bisulfate  can  be  used  as  XKS  fertilizer. 


More  recent  work  (Bibl.2l)  refutes  the  conclusion  that  the  intensity  of  the 
oxidizing  processes  is  diminished  upon  nitration  of  toluene  by  a  mixture  of  potassium 
nitrate  and  ffivjng  sulfuric  acidj  the  oxidational  product  yielded  was  nitrotoluene  and 
metanitrobenzaldehyde,  the  yield  of  wiiich  increased  with  increase  in  the  tomperatiu'e 
of  nitration. 

V.G.Georgiyevskiy  (Bibl.22)  found  that  the  nitration  velocity  of  aromatic  confounds 
by  a  mixture  of  NSZX  sulfuric  acid  and  various  salts  of  nitric  acid  depends  upon  the 
nature  of  the  substance  being  nitrated,  upon  the  nature  of  the  nitrate  salt,  and  \q}on 
the  quantity  of  sulfuric  acid.  For  example,  udien  aaBonlum  nitrate  is  enqployed,  bensene 
undergoes  nitration  at  a  considerable  velocity,  whereas  diphenyl  virtually  does  not 


go  into  reaction  at  all.  The  effect  of  nitrate spCe  of  strontium,  barium,  and  copper 
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WM 

Di  studiad.  It  wu  found  that  irtian  banzan*  Is  nitrated  to  dinltroCba^ana,  the 
highest  velocity  Is  achieved  when  copper  nitrate  Is  eoployed.  It  has  been  proposed 
that  nitration  of  organic  silicon  confounds  be  performed  elth  co|iper  nitrate  (Bibl.23)« 

Nitrates  saipfce  are  also  nitrated  In  the  presence  of  anmonlum  chloride  and  boron 
fluoride.  The  reaction  rate  in  nitration  with  salts  is  always  lower  than  in  nitration 
with  nitric  acid  (Bibl.18). 

One  of  the  methods  of  introducing  the  nitro  group  with  the  XXUX  aid  of  salts 
of  nxtric  acid  is  condensation  of  ammonium  nitrate  and  formaldeliyde,  resulting  in  the 
formation  of  IQfKIMifliiMiOSjBniKNXilTiHHOgnnnfliX  cyclotrimethylenetrinltrsMne.  The  reaction 
is  performed  in  an  acetic  anhsrdride  medium  and  in  the  presence  of  boron  fluoride  as 
catalyst  (Bibl.24-). 

It  has  been  suggested  that  nitration  be  performed  by  stable  nitronium  salts  such 
as  nitronium  tetrafluoroborate,  hexafluorosilicate  auid  hexafluoi^timonate  (Bibl.25)» 

•as  well  as  by  nitryl  chloride  (Bibl.26). 

•  Section  4-.  Nitration  in  the  Presence  of  Acetic  Acid 

A  mixture  of  nitric  and  acetic  acids  or  acetic  anhydride  is  employed  as  a  nitrating 
mixttu:e.  IX 

The  use  of  acetic  acid  as  a  medium  is  desirable  in  the  nitration  of  a  side  chain 
(Bibl.27).  As  we  know,  this  kind  of  reaction  will  proceed  on,ly  with  dilute  nitric  acid 
and  with  heating,  as  a  consequence  of  ipdiich  the  nitric  acid  not  only  nitrates  ef  the 
side  chain,  but  oxidizes  XX  it  to  a  considerable  degree.  Dilution  of  the  nitric  acid 
by  acetic  acid  makes  possible  a  substantial  increase  in  the  yield  of  nitro  coe9>oimd8 
having  the  nitro  grot^)  in  a  side  chain,  without  the  need  for  resort  to  inoreaslng 
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t«Q>erature 


It  is  held  that  in  nitration  vlth  nitric  acid  salts  in  acetic  acid  mb  medluB,  it 
Is  possible  to  obtain  only  one  of  the  possible  isomers,  >diereas  if.  sulfuric  acid  is  the 
medium  used,  a  mixture  of  isomers  results*  This  assertion  is  based  in  part  upon  the 
fact  that  nitric  acid  salts  are  employed  to  nitrate,  in  an  acetic  acid  medium,  only 
those  benzene  antHfX  derivatives  having  in  their  rings  substitute  groups  which  send  the 
nitro  group  into  the  ortho  or  para  position.  When  a  nitro  group  is  oriented  in  the 


met]|a  position,  nitration  does  not  occur  (Bibl.17). 


acetic 

In  some  cases  it  is  more  desirable  to  IX  on^jloy  anhydride,  which  also  acts 

acetic  acetic, 

as  a  water  absorbent,  instead  of  TurvtrtttSi  acid.  In  addition,  anhydride 

reacts  with  nitric  acid,  converting  it  into  acetyl  nitrate  IBibl.Sft)  in  accordance  with 
the  reactions 


2HN0,+(CH,C0),0  Z  NA+2CH,C00H: 
N,0,+(CH,C0),O  ^  2CH,COONO,. 


acetic 

As  was  demonstrated  by  A. I. Titov  (Bibl.29),  KSSSkis  acid  also  reacts  with  nitric 
acid,  yielding  a  compound  of  low  stabilitjr**-:  HNO3  •  CH3COOH. 

W 

It  is  stated  that  the  nitration  mechanism  >rtien  this  method  employed  is  unique,  i»e., 
that  acetylation  occurs  first,  and  is  then  only  followed  by  nitration  (Bib. 33). 

It  has  also  been  suggested  that  HX  nitration  be  performed  with  a  mixtiire  of  nitric 


- ! —  acetic 

-•f-It  should  be  borne  in  mind  that  JSBSSlSIts  acid  and  acetic  anhydride,  when  heated,  are 
subject 

themselves  KiUffHlg  to  the  influence  of  very  strong  (95^)  nitric  acid.  Acetic  anhydride 
may  also  serve  as  a  good  initial  substance  for  the  production  of  tetranltromethane 
(Blbl.30,  31),  and  the  last  may  serve  as  a  nitrating  substance  (Blbl.32). 
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acid  and  trlfluoracetlc  anhjrdrlda  (Blbl.34}* 

Soction  5»  Nitration  in  tha  Prasance  of  an  Inert  Solvent 

An  inert  solvent  (one  that  does  not  react  with  the  reacting  congjonent)  is  best 
used  if  the  reacting  substances  do  not  dissolve  in^  each  other.  It  goes  without 
saying  that  the  solvent  must  be  one  in  uriiich  the  initial  substances  will  dissolve  and, 
if  possible,  in  which  the  reaction  product  will  not.  The  use  of  an  inert  solvent,  in 
this  case,  will  make  it  possible  to  run  the  reaction  in  homogeneous  conditions,  in 
which  it  will  go  more  readily  (at  a  higher  rate)  thanks  to  maximvan  concentration  of 
reacting  substances  in  the  sphere  of  reaction.  Under  heterogeneous  conditions,  the 
reacting  substances  will  either  be  in  different  layers,  or  will  be  only  partially- 
distributed  into  each  other. 

In  choosing  an  inert  solvent,  it  should  be  borne  in  mind  that  certain  solvents, 

which  clearly  do  not  react  with  the  dissolved  substance,  are  nevertheless  capable  of 

forming  addition  products  of  low  stability  with  them  (solvates),  and  this  may  also 

effect  the  course  of  the  reaction  itself.  Successful  selection  of  a  given  inert 

solvent  frequently  is  of  major  significance  to  achievement  of  the  most  (results . 

/ 

If  we  vary  the  amount  of  solvent,  we  are  able  to  regulate  the  reaction  rate, 

dAI 


inasmuch  as  increase  in  dilution  reduces  the  concentration  of  the  reac-ting  coiig)onents 
per  unit  volume.  This  is  made  use  of,  not  infrequently,  in  nitrating  substances  which 
react  with  the  nitrating  agent  at  high  velocity,  thus  making  ^^f ic^^  control  of  the 
reactior^and  wj^h  lead|^o  sudden  changes  in  temperature  irtien  the  reaction  does  talce 
place  (Bibl.35). 

In  laboratory  practice,  there  are  jiany  solvents  that  may  be  used.  Howaver,  in 
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19  r«sprt«!l8  had  first  to  producing  ths  aminO|i^  or  dlazo  derivatitm,  atxl  than  to  iWBf 
replacement  by 

yiiiinmHm  of  these  groups  iEDS  a  nltro  groi^  in  accordance  with  the  mothod^  of  Sandaeyer 

(Bihl.42)  by  mixing  a  neutral  solution  of  diazonium  nitrate  (if  an  amino  group  were 

present  at  the  outset,  diazotization  is  first  performed)  with  an  equivalent  amount  of 

sodium  nitrite.  Subsequent  mixture  with  pulverized  cuprous  oxide  in  suspension  results 
'  I  the 

in  the  ZXS  formation  of  X  nitro  derivative.  Under  this  reaction,  the  diazonium  nitrite 
is  first  formed: 

ArN-N-ONO,4-NaNO,  —  ArN-N-O-h.0  +  NaN0a, 

which  converts  into  the  nitro  compound: 

ArN=N-ONO  —  ArNO,  +  N,. 

The  replacement  of  the  sulfo  group  by  the  nitro  group  occurs  by  treatment  of  the 
sulfo  derivatives  with  nitric  acid.  This  reaction  is  of  major  significance  in 
production  of  the  polynitrophenol  derivatives. _  Under  specific  circumstances,  nitration  • 
I  by  this  method  proceeds  withou*  significant  oxidizing  processes.  Thus,  for  example, 
certain  phenolsulfb  acids,  which  in  the  majority,  of  caises  are  readily  produced  from 
phenols  and  concentrated  £tX  sulfuiic  acids,  are  capable  of  being  transformed  by  nitric 
acid  into  nitrophenols .  When  phenol  is  nitrated  by  this  method,  it  is  easiest  of  all 
to  replace  the  sulfo  KX  group  in  the  para  position  relative  to  the  hydroxyl  (Bibl.43)* 
This  method  is  enqsloyed  in  producing  picric  acid  (Bibl.44)  and  a  number  of  other 
products  (Bibl.45). 

Acids  of  nitrogen  may  be  w^iloyed  to  replace  ths  sulfo  group  by  nitro  groip 

(Bibl.46). 

A  number  of  other  groiqis,  such  as  ths  cerboiQrl,  may  bs  replaced  by  the  nitro 
groiQ)  (Bibl.47). 
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20 


obtained  in  the  procesa  of  contact  oxidation  of  amnonlum  followed  by  oxidation  of  the 

oxide  to  nltrofren  dioxide,  chemlata  SlDBKXmXX  were  attracted  by  the  poaaiblllty  of 
enploying 

TjqnHCiFntjf  in  nitration,  not  the  nitric  acid  m  such,  but  the  intermediate  product 

produced  in  the  ayntheais  thereof  -  nitrogen  dioxide.  Numerous  XUS  atudlea  in  this 

direction  demonstrated  the  relatively  low  practicality  of  nitration  of  aromatic 

compounds  by  nitrogen  oxides.  This  reaction  may  still  have  arane  significance  in 

nitration  of  aliphatic  h3rdrocarbon3i  The  investigations  determined  that,  among  the 

aromatic  compounds,  the  phenols  and  amines  react  readily  with  nitrogen  dioxide,  yielding 

primarily  mononjtro  derivatives.  Benzene  does  not  react  in  the  coM  with  nitrogen 

dioxide,  but  upon  heating,  this  reaction  goes  partially  in  the  direction!  of 

production  of  trinitrobenzene  ai..'.  nitrobenzene,  and  partially  in  the  direction  of 

formation 

oxidation,  accoiipanied  by  the  fliMBilXXlAll  of  trinitrophenol,  carbonic,  and  oxalic  acids. 

This  reaction  'rfas  discovered  by  Wieland,  and  he  ascribes  the  following  equation 
thereto  (Bibl .49) •  At  the  site  of  the  double  bonds,  there  proceeds  attachment, 
simultaneously,  of  six  NO2  groups,  followed  by  decon5)osition  of  the  resulting 
hexanitrooyclohexane  into  three  molecules  of  nitrous  acid  and  trinitrobenzene: 


n 


H  NO, 


+  3N,0, 


H'' 

NO. 


H/>< 


,/ 

<^NO, 
NO,  H 


-*  3HNO,  + 


NO, 


Only  then  is  the  trinitrobenzene  oxidized  to  picric  acid. 

In  his  experiments  in  the  nitration  of  toluene  with  Ximj  nitrogen  acids,  A.I.Titov 


r 
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dlscoverad  a  differance  in  tha  diraetlon  takan  by  tha  raaetlon  dapandin^  t9>on  Oil 


whathar  tha  monomeric  or  dimarlc  form  of  nitrogen  dioxide  waa  acting  tQ>on  the 

toluene.  It  was  found  that  when  the  nitrogen  dioxide  was  highly  diluted  by  toluene 

(raising  the  degree  of  dissociation  2Ii02)»  the  yield  of  nitrotoluenes  was 

sharply  reduced,  with  a  simultaneous  increase  in  the  amount  of  nitration  products  in 

by 

the  side  chain.  Saturation  351  a  mixture  of  351535  chlorine  (Bibl.50)  or  oxygen  greatly 
accelerates  the  reaction  (Bibl.5l). 

The  fact  that  the  monomeric  form  of  nitrogen  dioxide  is  similar  to  the  radical 
made  it  possible  for  A. I. Titov  to  suggest  that  free  radicals  also  appear  in  the  compound 
being  nitrated: 

RH  +  NOj  ->  R.  +HNOj, 

andj further,  that  the  reaction  of  the  radical  with  nitrogen  dioxide  must  lead  to  the 
formation  of  nitro  compounds: 

R.+N0,-»R  — NO,  or  R.4.N204-*RN0,  +  N0,., 
where  NO2  is  the  active  molecule. 

The  nitration  3535  of  aromatic  compounds  by  nitrogen  dioxide  in  the  presence  of 
aluminum  chloride  and  ferric  chloride  (Bibl.48,  52,  53)  proceeds  through  a  stage  of 
formation  of  stable  con^ilex.  Water  decomposes  the  resulting  confound,  and  the 
organic  residue  splitting  off  HNO2,  converts  to  nitrobenzene. 

A. I. Titov  (Bibl.54)  determined  that  this  reaction  proceeds  stepwise. 

Sulfuric  acid  (Bibl.55)  or  boron  fluoride  (Bibl.56)  may  be  en^jloyed  as  activator 
of  the  aromatic  ring  in  nitration  by  nitrogen  oxides.  When  nitrogen  oxides  are 
introduced:  into  a  mixture  of  sulfuric  oxide  and  hydrocarbon,  ooiq>lete  absorption/. 
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20  of  th«  ooldoa  occiira.  In  nitration,  only  50^  of  the  nitrogen  oxLdaa  are  aaployad, 
the  other  half  undergoing  reaction  with  the  to  fora  nitroayl  aulfurio  aoidt 

C,H,  +  2NO,+  H,SO«  C,H,NO,  +  NQOSO.H  +  H,G. 

The  desirability  of  utilizing  this  reaction  depends  upon  successful  solution  of 
the  problem  of  recovering  the  50^  of  the  nitrogen  dioxide  idiich  is  incorporated  into 
the  nitroayl  sulfui’ic  acid. 

Battegay  (Bibl,57)  suggests  that  this  may  be  done  by  oxidizing  the  nitrosyl 

sulfuric  acid  in  accordance  with  the  reaction 

2NS0.H+0,+2Hi0  -  2HN0,+2HjS04. 
this 

According  to  A. I. Titov,  3£Xil  same  objective  may  be  achieved  by  jjjadding  salts  of 
persulfuric  acid  to  the  reaction  mixtiire  after  the  first  i-eaction  phase  (Bibl,54)  S 

ArH+HNSO.+K.Srf),  -  ArNO,+H,SO4+S0t+ K.SO.. 

^.N. Vorozhtsov  holds  that  the  process  of  nitration  of  nitrogen  dioxide  in  the 
presence  of  sulfuric  acid  proceeds  due  to  the  nitric  acid  formed  as  a  consequence  of 
reaction  between  nitrogen  dioxide  and  sulfuric  acid: 

2N0,+H,S04-  hno,+nooso,h. 

A. I. Titov 

XXXXXt  agrees  with  this,  but  offers  a  somewhat  different  reaction  equation: 

ArH+N,O4+nH,SO4-mH,0-  ArNO,+HNSO,+ («-l)HjS04  ■  lm-l)H,0; 
thus  emphasizing  the  profound  relationship  between  the  nitration  reaction  and  the 
process  of  saturation  of  the  force  field  (the  coordination  field)  of  XMEBt  sulfuric 
acid  by  elements  of  nitric  acid  and  water. 

21  It  has  now  been  determined,  with  the  aid  of  Ra|nmn  spectra  (Blbl.58)  that  the 

following  ions  exist  in  sulfuric  acid  solutions  of  nitrous  anhydride^  nitrogen  dioxide. 
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and  nitric  anhydridaj 


N,0,  +  SH^04  ^  2N0*  +  3HSO»  + 

N,04  +  SHiSOi  *±  NO®  +  NO?  +  3H80y  +  HgO*; 

NjO,  +  SH^04J*2NO?  +  3HSOf  +  HjO®, 

0 

of  which  the  N'02  IXKXUDQOaMXXX  are  the  ions  of  the  active  nitrating  'agents  . 

1  It  has  been  remarked  that  when  nitric  oxides  are  employed  as  the  nitrating 

agent  without  additives,  there  is  a  change  in  the  orientation  of  the  nitro  group 
introduced  when  compared  to  its  SSSOBDC  orientation  when  nitric  acid  is  the  agent 
employed  (Bibl.59,  60). 

Section  9*  Nitration  in  the  Presence  of  Catalysts 

The  first  studies  connected  to  the  discovery  of  catalysts  for  the  nitration 
reaction  go  back  to  the  beginning  of  the  present  century.  In  1901,  M.I.Kono\'alov 
(Bibl.6l)  found  that  the  addition  of  a  small  amount  of  potassium  nitrite  to  the 
reaction  solutions  facilitated  the  reaction.  Subsequently,  A. 1. Titov  (see,  below, 

**the  Nitric  Acid  Nitration  Mechanism',')  demonstrated  that  this  phenomenon  relates  to 
the  fact  that  weak  nitric  acid  (M. I, Konovalov  used  weak  acid)  will  nitrate  only  in 
the  presence  of  nitrogen  oxides,  which  are  added,  in  the  given  instance,  in  the  form 
of  KNO2. 

It  was  noted  that  boron  fluoride  had  a  KiBCH  catalytic  effect  upon  the  nitration 
reaction  rates  (Bibl.15).  A  detailed  investigation  WHBBCa  showed  that  this  substance 
is  simultaneously  a  water  absorbent,  .and  that  this  also  facilitates  the  nitration 
reaction  (Bibl.18,  I9).  It  was  fo^uid  that  when  nitration  of  benzene  and  toluene  by 
f  nitrogen  dioxide  was  performed  in  the  gaseous  condition,  silica  gel  wm  the  best  of 
the  various  catalysts  (Bibl.62).  However,  this  catalyst  is  quite  weak  in  its  action. 
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The  reaction  proceeds  only  to  the  fomation  of  the  oononltro  eonpound. 

Mercury  nitrate  has  a  strong  influence  i:^on  the  nitration  process.  This  was 
first  determined  by  Holdermann  with  respect  to  anthroquinone  (Bibl.63),  and  was 
later  verified  with  respect  to  the  XXQEXXMSX  nitration  of  a  number  of  substances: 
benzene  (Bibl.b^.),  toluene  (Bibl.65),  naphthalene  (Eibl,66),  benzoic  acid  (Bibl.67), 
and  others  (Bibl.68)‘. 

Wolffenstein  and  Boters  (Bibl.bif)  observed  that  when  moderate-strength  nitric 
acid  reacted  with  benzene  in  the  presence  of  a  mercury  salt,  a  considerable  quantity 
of  nitrogen  oxides  was  released.  Investigating  this  phenomenon  they  found  that  the 
major  reaction  products  are  oxynitro  oranpounds:  dinitro-  and  trii^trophenol  and  SX 
nitrobenzene  in  small  quantities.  They  discovered  that  the  reaction  depends  upon 
the  strength  of  the  nitric  acid:  strong  nitric  acid  (or  mi.ted- nitric  and  sulfuric 
acid)  yields  only  nitrobenzene  in  the  presence  of  a  mercury  salt.  When  dilute  nitric 
acid  is  used,;  the  amount  of  nitrobenzene  fomed  diminishes,  but  there  is  a 
simultaneous  increase  in  the  quantity  of  nitropheno? s  formed. 

Addition  of  a  merciuy  catalyst  yields  no  oxidizing  effect  in  cases  of  nitration 
of  aromatic  compounds  containing  nitro  groups  (Bibl.69).  Nitration  of  nitri.c  acid  in 
the  presence  of  mercury,  leading  to  the  formation  of  nitroxy  compounds  is  termed 
oxidizing  nitration.  The  oxidizing  nitration  of  benzene  to  dinitrophenol  has  been 
elaborated,  and  may  be  introduced  into  industry  (Bibl.70,  71»  72,  73). 

The  significance  of  mercury  in  oxidizing  nitration  has  been  clarified  by  studies 
due  to  IX  A. I. Titov  and  N.G.Laptev  (Bibl.70,  71),  Westhelmer  (Bibl.74),  Kermack 
(Blbl.73).  They  proved  that  the  mercury  nitrate  in  the  reaction  mass  reacts  with  the 


21 


22  confound  undergoing  nitration,  to  fom  a  mi»d  organic  narcury  oooqpound  - 

aryLnorcuronitrate : 

ArH+H|(MOt),  ^  ArHfNO,+  HNOj. 

With  increase  in  the  strength  of  the  nitric  acid,  the  depth  of  mercurization 
diminishes.  In  the  absence  cf  nitrogen  oxides,  the  reaction  goes  no  further.  The 

1 

organic  mercury  conpnv.nd  reacts  with  the  nitric  acid,  recovering  the  initial 
hydrocarbon  (until  equilibrium  is  estabDished) .  The  mecheinism  of  mercurization, 
according  to  A. I. Titov  (Bibl. 70,71)  may  be  expressed  by  the  following  diagram: 


ArH+Nf  (hOj) 


Ar 


H 


7^ 


In  nitric  acids  containing  nitrogen  oxides,  the  organic  mercury  compound  rapidly 

is 

reacts  further  to  form  nitroso  canpounds.  It/most  probable,  according  to  A. I, Titov 
and  N.G. Laptev  that  the  action  occurring  is  that  of  the  nitrosyl-nitrate  form  N20^, 
in  accordance  with  the  following  equation: 


,af — o>. 

M-O—AfllO+Hf 

I 


Nitroso  compounds  in  nitric  acid  containing  nitrogen  oxides  can  convert  to 
oxynitroso  compounds  by  two  different  paths.  Ton  percent  is  converted  via  the  diazo 
confounds: 

(  >  ArNO+2NO-.  ArN-N-NO„  J 
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wtdoh  4«o(»g>08e  to  form  the  0x7  con^ounde,  which  are  readily  nitrated  to  the  nitr^henole 


hy  dilute  nitric  acid: 


N-NNO. 

OH 

/\ 

f 

4-  H,0  - 

\/ 

OH 

OH 

/\ 
1  1 

+  2HNO,  —  1 

n 

\/ 

\/ 

NO 

HNO,+  N, 


+  2Hp. 


90S8  of  the  nitroso  ccmpound  converts  to  nitrosophenols  which  are  then  oxidized  to 
nitrophenola : 


The  slowest  reaction  determining  the  rate  of  the  process  is  the  formation  of 

benzene 

benzolmercuronitrate.  The  rate  of  catalytic  nitration  of  the  IHHflWI  increases  markedly 
with  rise  in  the  concentration  of  acid  (for  example,  when  the  HNO3  rises  from  47 • 5  to 
60^,  the  rate  multiplies  sevenfold).  This  is  due  to  the  increase  in  the  solubility  of 
the  benzene  and  to  an  increase  in  the  activity  of  the  mercury  ion  due  to  the  reduction 
in  the  degree  of  its  hydration  (Bibl,74). 

In  one  of  his  papers  (Bibl.75)>  A. I. Titov  demonstrated,  using  the  oxynltration  of 
toluene  as  exan^le,  that  the  relationship  of  the  reaction  speeds  of  transfonnatlon  of 
nitroso  conqDOunds  in  the  two  directions  depends  upon  the  nature  of  the  nitroso  coiqjotuxl 
and  the  composition  of  the  reaction  medium.  Conversion  of  nitroso  cos^ounds  into 
para-oxyhydroxylamine  is  favored  by  increase  in  the  strength  of  the  acid  and  increase 
in  tw^erature.  HUMi  Increase  in  the  strength  of  the  NO  has  the  contrary  effect  of 


aecslcratlng  conversion  of  the  nitroso  coiuouiids  Into  dlazo  ooD^onnds. 

Section  10.  Nitration  by  Nitric  Acid,  with  the  Water  Driven  Off 

A  significant  shortcoming  of  ihe  most  common  method  of  nitration  is  the  need  to 
make  use  of  sulfuric  acid.  Recovery  of  the  VSX  sulfuric  acid  from  the  spent  material 
which  contains  not  only  water  but  nitrogen  compounds  and  organic  substances  requires 
special  equipment  and  expenditure  of  heat. 

Recently,  a  nmber  of  suggestions  have  appeared  (Bibl.76)  envisaging  nitration  by 
nitric  acid  without  the  use  of  sulfuric  acid.  Elimination  of  the  water  formed  in  the 
reaction  is  by  steaming  in  the  form  of  an  azeotropic  mixture  with  an  excess  of  the 
caapound  being  nitrated,  or  a  specially  added  solvent  (inert  relative  to  nitric  acid). 

Many  hydrocarbons  form  azeotropic  mixtures  with  water.  Thus,  benzene  and  water 
forms  a 

ZXiKXXKii  mixture  that  boils  at  69°,  whereas  toluene  forms  one  that  boils  at  84.1°.  At 
the  same  time,  the  boiling  points-  of  the  individual,  oompourids  are  substantially  higher. 
The  boiling  point  of  benzene  is  80.4°,  that  of  toluene  is  110.8°.  If  the  temperature 
in  the  reactors  is  held  equal  to  the  boiling  point  of  the  IflEC  azeotrope,  the  water 
formed  in  the  process  of  the  nitration  reaction  may  be’ eliminated.  An  advantage  of  this 
method  is  the  fact  that  it  does  not  result  in  spent  acid  and  consequently-  there  is  no 
need,  to  recover  the  latter. 

Under  this  method,  the  water  vapor  entrains  a  considerable  quantity  of  nitric  acid. 
To  eliminate  this,  and  to  return  the  hydrocarbon,  a  fractionating  column  is  6B5)loyod. 

As  the  differehce  in  boiling  points  is  great,  only  a  small  number  of  theoretical  plates 
is  required  for  distillation  at  atmospheric  pressure. 

To  separate  the  continually  boiling  mixture,  09  an  intermediate  settling  tank  is 


provided.  In  this  tank,  the  hydrocarbon  and  water  layer  out  and  the  hydrocarbon  may 


th«n  b«  reused  for  nitration*  Thus,  if  the  rate  of  nitration  is  controlled  by  the 


rate  of  removal  of  the  water  formed,  the  tjrpe  of  column  used  makes  it  possible  to 

niaintaln  the  required  strength  of  the  nitric  acid.  Under  these  conditions,  nitration 
performed 

is  yjUMHtf  with  the  minimtim  quantity  of  nitric  acid.  Nitration  proceeds  at  a  greater 
rate  when  gaseous  nitric  acid  is  employed,  the  vapors  of  which,  diffusing  into  the 
hydrocarbon,  make  for  greater  homogeneity  in  the  mass  and  the  maximum  reactant  surface 
contact. 

In  the  opinions  of  certain  scientists,  nitric  acid  in  the  TOpor  phase  has 
stronger  nitrating  effects  than  in  ether  forjis  (Bibl.??)*  The  decomposition  of  nitric 
acid  at  high  KX  ten5)eratu]re  has  not  been  studied  in  detail.  All  that  is  known  is  that 
the  formation  M  of  the  following  occur:  NO2,  NO,  O2,  and  H2O.  However,  apparently 
nitric  acid  also  dissociates  in  accordance  with  the  scheme 

HNO,-*HO  .  +  .  NOj. 

The  •hj’droxyl  radical  formed  in  this  procedure  converts  the  hydrocarbon  into  an  alkyl 
or  aryl  radical; 

■  ’  .  RH  +  HO  • ->R  •  +  HOH. 

The  NO2  radical  also  reacts  with  the  hydrocarbon: 

RH+  -  NO»->R  .4-HNOj; 

R  •  +  •  NO,-»RNOj, 

and  the  reaction  consists  of  the  attachment  of  two  different  radicals,  in  which  an 
electron  pair  is  formed  (Bibl. 77)* 

The  advantage  of  this  type  of  nitration,  in  addition  to  elimination  of  the 
consumption  of  sulfuric  acid  and  the  need  to  recover  it,  is  the  absence  of  cooling, 
and  high  rate  of  output.  The  process  lends  Itself  readily  to  continuous-flow 
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production.  A  shortcming  is  the  need  to  en^loy  quality  etalnlese  steel 


The  water  of  reaction.  In  the  form  of  an  IX  azeotropic  mlxtiire,  may  be 

driven  off  in  the  nitration  of  benzene  and  In  the  presence  of  sulfuric  acid,  the  sole 
difference  being  that  the  distillation  must  bo  performed  in  vacuo.  At  the  end 'of  the 
nitration  process,  one  obtaines  nitrobenzene  and  sulfuric  acid  (in  a  strength  equal 
to  the  Initial  strength),  ready  for  reuse. 

It  must  be  borne  in  mind  that  if  dilution  is  adequate  and  temperature  high  (over 

100°),  aqueous  nitric  acid  reacts  not  with  the  aromatic  ring,  but  upon  the  side  chain 
the 

(according  to/M. I. Konovalov  reaction).  Therefore,  in  the  nitration  of  high-boiling- 
point  substances  (naphthalene,  nitrobenzene,  etc.),  the  water  may  be  driven  off  in  the 
form  of  an  azeotropic  mixture  with  a  specially  added  diluent.^  such  as  low-boiling 
petroleum  hydrocarbons,  to  avoid  having  to  conduct  the  nitration  at  high  temperature. 

A  number  of  other  methods  of  introducing  the  nitro  groups  are  known,  but  they  do 
not  have  practical  significance  for  the  production  of  e:q5losives  of  the  nitro  derivatives 
class. 

Of  all  the  methods  of  introduction  of  the  nitro  group  listed  above,  only  four 
are  of  practical  significance  in  expl-osive  sjTit'hosis:  nitration  by  mixed  acids, 
nitration  by  pure  nitric  acid  or  in  a  medium  of  acetic  acid  in  the  presence  of  acetic 
anhydride,  and  substitution  of  a  nitro  group  for  the  sulfo  group.  The  method  of 
nitration  with  driving  off  of  the  water,  and  nitration  in  the  presence  of  mercury 
nitrate  also  offer  possibilities. 

B.  The  Mechanism  of  Nitration 

Suonary  chsmloal  equations  do  not  refer  to  the  actual  course  of  cheoical  reactions. 


but  describe  only  the  initial  and  terminal  condition  of  the  syeteoi.  A  study  of  the 


actual  covurse  cf  the  chemical  processes  observed,  and  of  their  mechanism,  is  of 
interest  not  merely  as  a  matter  of  knowledge,  but  in  practical  terms,  because  it  makes 
it  possible  to  firei  means  for  increasing  the  rate  and  the  yield  of  the  required  products. 

A  theoretical  investigation  of  the  nitration  process  may,  to  a  considerable  degree, 
assist'  in  solving  a  number  of  technological  problems  and  may  provide  the  means  for 

controlling  these  problems  in  terms  of  considerations  of  economy  and  safety  in  manufacture. 

xn±jDncfc±jBHxx  mechanism  of  nitration  of  aromatic  ooB|pmWic 
Over  a  long  period  of  time,  the  arnmatic|^S^pounds  AAsBSteaiWmm^Meeeeey'  as  well  aa 

that  of  other  substitution  reactions,  was  studied  without  consideration  of  the  structure 

of  the  reacting  components  or  of  the  reactions  and  equilibria  ^preceding  nitration. 

has 

Only  during  the  past  10  -  12  years  the  study  of  these  reactions  made  it  possible 

to  se^p  a  rigorous  picture  of  the  nitration  mechanism,  vdiich  provides  a  satisfactory 
e^qslanation  for  the  factual  data  observed  in  the  investigation  of  this  process. 

Section  1.  Mechanism  of  Nitration  by  Nitric  Acid 

In  18Q7,  Armstrong  offered  the  suggestion  that  the  nitration  reaction  passes 
through  an  Intermediate  stage  -  the  attachment  of  nitric  acid  to  a  double  bond  in  the 


aromatic  compound; 


NO, 

A. 


Cl 


+  H,0 


+  HNO, 


A/ 
\ 

V 


H 

OH  OH 

N4 


+  HNO, 


A  more  detailed  elaboration  of  this  theory  was  performed  by  HoUeaann,  and 


subsequently  by  Wieland  (Blbl.76),  who  attesipted  to  classif^r  the  additional  products 


of  nitric  acid  vrlth  the  unsaturated  hydrocarbons,  naphthalene, and  anthracene. 

S.S.Nametkln  (Bibl.79)  and  B.V.Tronov  (Bibl.SO)  have  taken  exception  to  the  Armstrong- 

Wieland  nitration  mechanism,  holding,  justifiably,  that  the  supposed  intermediate 
nitro  alcohol 

product  -  the  KTO^RCXinXltlOtl  -  tends  to  various  oxidation  reactions  and,  to  a  lesser 
degree,  to  decomposition  into  an  aromatic  nitre  compound  and  water.  Therefore,  the 
smooth  conversion  of  an  unsaturated  nitro  alcohol  into  nitrobenzene  is  in^robable 

for  all  practical  purposes.  Later  researchers  have  lenonstrated  the  erroneousness  of 
the  experimental  data  upon  idiich  the  XWBnOHtjlXX  Armstrong-Wleland  nitration  mechanism 
rested  (Bibl.81,  82,  83  and  others). 

S.S.Nametkln  (Bibl.79)  suggested  that  nitration  goes  through  fonnation  of  an 
intermediate  product  by  addition  of  the  hydrocarbon  to  the  nitric  acid  as  follows: 

C,H,  +  N  -  O  -  C,H,  -  N  -  OH  — C,H,NO,. 

In  this  case,  the  intermediate  product  retains  its  arcanatic  nature. 

B.V.Tronov  (Bibl.80)  offered  the  hypothesis,  by  way  of  supplementation  of  this 

mechanism,  that  two  molecules  of  nitric  acid,  possibly  in  a  complex,  participate  in 

the  reaction.  A.V.Topchiyev  confirmed  the  correctness  of  the  e^erimental  results  of 

B.V.Tronov  by  a  series  of  studies  in  the  nitration  of  arcmatic  oonpounds  by  nitric 

acid  and  its  salts  in  the  presence  of  complex form®  (Bibl.84). 

The  authors 

™nnHHi  of  these  studies  built  the  nitration  mechanism  on  the  assimqjtion  that  the 
process  is  participated  in  by  molecules  of  nitric  acid,  and  left  out  of  consideration 
the  possibility  of  conversion  thereof  under  the  influence  of  the  mediw  in  which  the 


rMotlon  occurs 


'  Study  of  the  phyaical-chsBd.oa].  properties  of  nitric  acid  shows  that,  d^ondiag 
upon  its  strength,  it  may  take  various  forms:  either  neutral  molecules  HCMO2  (anhydrous 
nitric  acid),  which  may  partially  ho  transfomod  as  a  ccnsequence  of  hydrogen  bonds  in 
the  dimer  (Bibl.85,86): 

O  ^  N  •  N  —  0, 

I  ^0-H  .  ,  .  O  . 

or  in  the  form  of  ions  formed  according  to  the  following  equation  (Bibl.87,  88,  89, 

90,  91,  92):  .  • 

2HNO,  It  ...0?  + H,0: 

it 

NjjOj 

2HN0,  Jt  HjN0?4  NOa®: 

HNO,  +  H,0  HjO®  r  NO3®. 

The  reaction  whereby  N2O5  and  NO2®  are  converted  into  HNO3  is  associated,  in 
terms  of  energy,  to  the  process  of  solvation  of  water  and  of  each  of  the  ions  by  one 
or  two  molecules  of  nitric  acid,  by  such  processes  as  (Bibl,83,  93): 

.  3H0N0,  Jt  N,0, 4-  H,0  -  ->  HONO,.  ' 

Anh^^droug  TTitric  acid  contair:s  about  Bf.  molar  dissociation  products  (Bibl.89). 

Upon  addition  of  the  water,  the  nitric  acid  forms  unionized  complexes  of  the  following 

con^josition:  (H2O)  •  (1^03)2  and  (H2G)  ♦  (HNO3),  which  a,:.poar  as  a  result  of  the 
®  © 

hydrogen  bonds  (H3O)  *  (NO3).  The  equilibrium  in  the  reaction  whereby  nitric  acid 

diasoclates  into  solutions  containing  little  water: 

*  ! 

I  HNO,ltH*  +  NO? 

is  displaced  in  the  direction  of  the  undissoolatsd  acid,  the  content  of  which  in 


26  dilute  48^  HNO3  is  estimated  at  from  5  10^*  The  more  dilute  solutions  are  alaost 

entirely  dissociated  (Blbl.66).  The  degree  of  dissociation  diminishes  with  Increase 
in  ten^ierature  (Bibl.90). 

Ingold  (Blbl.37»  94),.  and  Millen  (Bibl.95)  advanced  the  suggestion  that  in  an 
aqueous  nitric  acid  solution,  the  nitrating  substance  is  the  H2NOJ*  ions.  An  suialogous 

( 

point  of  view  had  been  put  forth  previously  by  Usanovich  (Bibl.96),  >dio  based  his  work 
upon  that  of  Hantsch  (Bibl.97),  who  believed  possible  the  reaction  between  two 
molecules  of  nitric  acid,  in  which/ one  HNO3  molecule  plays  its  normal  role  of  acid, 
and  the  other  functions  as  a  base. 

•  -The  work  of  A. I. Titov  (Bibl.83,  98),  as  well  as  the  subsequent  studies  due  to 

,  Ingold  (Bibl.99,  100,  lOl)  showed  that  the  self-ionization  of  nitric  acid  leads  to 

•  © 

the  formation  not  of  the  H2NP3  and  H3NO3  cations,  but  to  the  formation  of  the 
NO2'**  cation  in  accordance  with  Titov's  scheme. 

4HNO,’l!NO?+NOf  .  .  .  HN0,,+  H30®-N0?. 

In  accordance  with  Ingold,  ionization  proceeds  through  formation  of  the  nitracidium 

ion: 

HNO,  +  HNOs  ZZZr  H,NO?+NO,: 

HjNOj®  NO®  +  H,0. 


It  was  found  (Bibl.93)  that  the  solid  nitric  anhydride  has  the  following  ionl 
3truot..r*v  [N02]^  •  [N03^,  whereas,  in  anhydrous  nitric  acNid,  a  ton^jerature  of  -400, 
27  3-4%  of  the  substance  luidergoes  dissociation,  forming  1.2^  of  the  nitronium  ion 

^  ,  (N02f ,  1.7^  of  the  nitrate  ion  (N03)^  and  0.5^  water.  Upon  addition  of  water,  the 

•  -  \ 

concentratloh  of  HO2  drops  ri^}idly,ani  reaches  zero,  for  all  practiobl  purposes. 
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at  5  -  8^  H20  (Bibl.93,95)^ 


An  Investigation  cf  perchlorate  nitraoidiim  [H3NO3]®  identified  by 

(nitryl)  _  ^ 

Hantsch  showed  that  this  salt  is  a  mixture  of  nitronium^perchlorate  [N02**[C10/^]^ 

A  1® 

and  hydroxonium  perchlorate  [H3O3  •  [CIO^  (Bibl.lOl),  This  confirmed  the  fact  that 

A  ' 

the  positively  charged  ions  of  nitric  acid  do  not  have  the  structizre  and  H3N03*^  , 

,© 


but  NO2 

A. I. Titov  (Bibl.83,  98,  102,  103,  lOi)-,  105,  IO6)  demonstrated,  in  a  large  group 
of  aromatic  compounds  (phenol,  its  homologs,  naphthalene,  benzene,  toluene,  etc.)  that 
the  formation  of  the  nitro  derivatives  in  strong  nitric  acid  proceeds  via  the  reaction 
of  molecules  of  the  aromatic  con^jound  with  the  nitronium  cation  0  =  N  =  0,  yielding 
transitional  conrolexbs  of  the  type 


,"0, 


e$H 


thanks  to  the  presence  of  a  nitrogen  atom  ]iXi£  unsaturated  in  terms  of  coordination. 

He  termed  this  t3'pe  of  process,  constituting  replacement  of  hydrogen  by  the  nitro  group 
by  the  following  procedure 


Ar-H  +  BO,- 


At 


Nl 


•  • 

■Ar  -  hOj  +  « 


JC'MVi  a* 

^normal  nitration  (Bibl.98). 

Af  the  formation  of  NO2®  proceeds  by  a  reversible  reaction  of  at  least  the  fifth 
order,  its  concentration  in  the  HNO3  solution  is  low,  as  a  consequence  of  which  the 
rate  of  nitration  is  highly  dependant  vq>on  the  strength  of  the  nitric  acid.  Therefore, 
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although  tha  gain  in  energy  in  formation  of  the  transition  ooaqalex  is  of  the  required 


magnitude: 

compounds  of  the  type  of  nitrobenzene  are  capable  of  being  nitrated  to  any  significant 
degree  only  bj'  strong  nitric  .  jid,  due  to  the  very  low  jtliUmXllUmiJC  potential  of  the 
electron  KB  in  NO;^.  Acid  of  medium  strength  will  nitrate  even  active  aromatic 
conpounds  only  at  low  velocity. 

The  nitration  of  dilute  KHOHijjKK  nitric  acid  (specific  gravity  1.4  or  less), 
not  containing  the  NO2®  cation,  proceeds  only  in  the  presence  of  nitric  oxides,  by 
reaction  between  aromatic  compounds  with  various  forms  of  nitrogen  dioxide  (Bibl.107). 
A. I. Titov  calls  this  type  of  nitration  catalytic  (Bibl.98,  105).  In  this  situation, 
the  molecules  of  nitric  acid  serve  as  the  soiu:ce  of  nitrogen  dioxide  in  aceoruance  with 
the  following  procedure 

2HNO,+NO  -  3N0,+H,0. 

Side  processes  of  oxidation  result  in  an  increase  in  the  strength  of  the  nitric 
oxides  in  the  nitration  process. 

’a. I. Titov  examines  the  reaction  mechanism  with  consideration  of  the  influence  of 
the  medium  and  other  factors  upon  the  equilibrium  of  various  fonns  of  nitrogen  dioxide: 

HNO, 

0,N'N0,  -t  2NO,  O-N-O-NO,  =  0N®+N03*.HN0, 
ABC.  D 

In  a  polar  medium,  the  oxides  have  form||  P,  and  in  non-polarized,  their  fonns  are 
those  shown  as  A  and  B.  If  the  acid  is  strong  enought(a  polar  aediuia),  and  if  the 


temperatures  are  low  and  the  concentrations  of  nitrogen  oxides  are  low,  the  aronatic 
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con^jound  will  r«act  with  the  nitrooyl  cation: 


/NO®  xNO 

ArH  +  N-0®-*Ar  -.Ar*"^  _  Ar-N— 04-H®. 

\h  \h 


Dilution  by  water  reduces  the  rate  of  catalytic  nitration  by  suppressing  the 

dissociative  effect  of  nitric  acid  upon  An  analogous  (but  stronger)  effect  is 

caused  by  the  addition  of  nitrates  (Bibl.108).  Titov  states  that  the  activity  of  the 

nitroayl  cation  must  necessarily  increase  with  increase  in  the  acidity  of  the  medium, 

and  diminish  in  solvents  basic  in  nature,  due  to  formation  of  con5)lexes  of  the  type 
_  electrophilic 

0  =  N®<-— OR2,  in  idiich  the  nature  of  the  nitrogen  will  be  diminished. 

The  conversion  of  nitroso- compoomds  into  nitro  compounds  also  proceeds  only  in 
the  presence  of  nitrogen  oxides  (Bibl,71,  83,  98)  as  follows: 

Ar H=«  0  +  •  ONO  ^  Ar  -  n'^0  •  Ol  “0  —  Ap—  +  n  =  0 
^0  \ 


In  an  unpolarized  medium,  XX  reaction  with  and  NO2  results  in  the  formation 
'St  not  only  of  the  nitroso  compounds  converted,  at  a  second  stage,  into  nitro  con^jounds, 
but  also  in  direct  formation  of  nitro  compounds:  , 


Diract  oxidation  ot  the  nltroso  XX  grotQ>  to  the  nltro  group  at  the  Instant  it 


appears  is  facilitated  whet)  the  ArH(&  *  >  6  )  is  a  good  electron  donor.  This  is  evident 
from  the  exan^sle  of  catalytic  nitration  of  phenol  and  naphthalene  by  nitric  acid. 

The  nitration  products  of  those  chemicals  are  virtually  lacking  in  nitroso  con^sounds. 

Under  the  conditions  of  nitration,  nitro.so  compounds  are  also  subject  to  other 
transformations  (Bibl.71,  83),  the  most  important  of  which  are  the  formation  of  osynitro 
compounds  and  diazo  compounds. 

The  increased  HtXMXjnC  rate  of  nitration  of  phenol,  aniline,  and  their  derivatives, 
upon  addition  of  nitrogen  oxides  to  the  nitric  acid,  as  brought  about  by  Ingold,  and 
others  (Bibl.99,  107,  109),  is  also  explained  by  the  participation  of  nitrogen  oxides 
in  the  nitration  reaction  in  the  form  of  the  nitrosonium  ion  (NC^.  They  contend  that 
the  reaction  proceeds  in  two  stages:  first  with  formation  of  the  nitroso  compound, 

>rtiioh  then  rapidly  undergoes  oxidation  by  nitric  acid  into  the  nitro  compound.  As  this 
occurs,  the  FINO3  converts  to  HNO2,  which  is  KXSXM  needed  for  the  first  and  slow  stage 
of  the  reaction: 

ArH  +  HNO,  ■  —  .  ArNO  -}-  H,0: 

ArNO  +  HNO, - -  ArNO,  +  HNO,. 

The  scheme  envisaged  by  A.I.Titov  is  also  confirmed  by  the  work  of  the  late 

Blackwell  (Bibl.lOS),  who  studied  the  kinetics  of  nitration  of  para-chloranlsole  by 

nitric  acid  in  an  acetic  acid  medium.  The  process  was  apparently  catalyzed  by  nitrogen 

oxides,  on  the  basis  of  which  it  was  demonstrated  that,  under  these  conditions,  the 

nitrating  agent  is  the  nitrosonium  ion  (NC^  and  a  molecule  of  the  dimer  of  nitrogen 

former 

dioxide  (N20i,.).  It  is  found  that  the  iXXXXX  operates  ten  times  as  rapidly  as  the  latter. 


Tb*  — interval  of  oonoentratlon  of  nitric  acid  In  iMeh  the  tiwnifiliili 
fron  the  catalytic  reaction  to  noraal  nitration  ooeure,  la  detexalned  by  the  nature 
of  the  aroautlc  confound,  the  concentrations  of  nitrogen  acids,  and  the  tcaqperatnre. 
Very  active  aronatlc  c<H>90i^ds  of  the  type  of  naphthalene  are  nitrated  by  a  catalytic 
mechanism  at  high  speed  and  to  high  acid  strength  (tp  to  HIK)3).  Aroawtio  oos^otuids 
of  activity  (such  as  benzene)  are  nitrated  by  nitrogen  oxides  at  a  very  low  velocity 
and  only  by  very  weak  nitric  acid  (10  -  20^  HN02)(Bibl.l05). 

The  nitrosyl  cation  and  the  electron  NO2,  of  the  same  order  of  potential,  and 

electrophilic 

NO-OKO2,  are  considerably  less  than  the  nltronium  cation  0  °  •  0. 

Therefore,  it  is  only  conpounds  having  high  electron  donor  ISfi  capacities  (Bibl.83), 
whose  relative  electron  potentials  are  0.1  or  more . (naphthalene,  anthracene,  the 
amines,  and  the  phenols)  that  are  capable  of  rapid  nitration  through  Intermediate 
reaction  with  these  oxides.  Entiy  into  the  ring  of  substitute  groi;9>8  such  as  the 
nltro  group  must  strongly  reduce  the  potential  of  the  electron  and  correspondingly 
reduce  the  rate  of  nitration  via  the  catalytic  mechanism. 

With  Increase  In  the  strength  of  the  nitric  acid,  the  accelerating  effect  of  the 
nitrogen  oxides  ceases  to  be  manifested,  and  the  nitro  derivatives . content  of  the 
reaction  product  increases.  These  nltro  derivatives  are  formed  by  the  NO2® cation, 
l.e.,  without  participation  of  nitrogen  dioxide  (Bibl.l(4,  10$). 

The  rate  of  nitration  by  the  nltronium  cation  is,  because  of  its  high  activity, 
substantially  Isss  dependent  tq>on  the  polarisablllty  of  the  aroMtle  eospounds. 

Diluts  nltrie  asld,  not  containing  nitrogen  onddos,  is  not  o^pable  of  aitmtiag 
even  such  readily  altratable  eeapevnds  as  a^ihiiialoa*. 
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Th«  thaoratloal  hypothcsia  war*  variflad  by  A.I.TitoT,  nqparlaantAlly, 


a  niaftxr  of  products.  Whsa  nitric  acid  of  1.4  tpaeific  graylty  was  asploysd  to 

oxides,  ■onmiitroii^phthalaM 

treat  naphthalene  in  the  presence  of  nitrogen  VBMXf.  nearly  90j^  — eiikifiiltMlimhiiii 

was  fonsed  within  a  few  minutes.  When  nitric  acid  was  saployed  under  the  same 

experimental  conditions,  but  without  nitrogen  oxides,  the  naphthalene  rosuU.ned 

unchanged  (Blbl.82). 

In  »fork  by  Bunton  (Bibl.llO,  111)  on  exchange  between  the  heavy  hydrogen  in 

water  with  HNO^  and  on  the  UTOfK  nitration  of  toluene,  nltrophenol,  and  other  aromatic 

compoiuida  by  aqueous  (70  -  85%)  nitric  acid  at  0°C  ten^erature,  it  was  shown  that  in  ^ 

aqueous  nitric  acid  of  lower  than  70^  strength,  an  exchange  between  heavy  hydrogen 

and  HNO^  proceeds  only  in  the  presence  of  nitrogen  diox'de.  At  greater  strength 

than  this,  the  exchange  occurs  in  the  absence  of  nitrogen  oxides.  As  the  strength 

Cci^arlson 

of  the  nitric  acid  Increases,  the  reaction  rate  IQGI  shows  a  rapid  rise.  aiM^uiT 
of  the  rate  of  nitration  with  the  rate  of  oxygen  exchange  reveals  that  the  rate  of 
nitration  approximates  the  rate  of  exchange  (Bibl.lU). 

On  the  basis  of  the  foregoing,  the  authors  contend  that,  in  dilute  nitric  acid, 
nitration  proceeds  through  nitrogen  oxides,  whereas  in  strong  nitric  acid,  the 
nitrating  agent  is  the  nitronlum  ion. 

Recently,  the  processes  of  nitration  of  aromatic  confounds  by  nitric 

acid  have  been  the  object  not  only  of  theoretical  studies  but  have  acquired  broad 
practical  significance.  Nitration  by  nitric  acid  on  an  industrial  scale 

is  performed  either  with  excess  nitric  acid,  or  with  rasMval  of  the  water  fomsd 
by  driving  it  off  m  an  aneotropic  mixture  with  the  substance  being  iSDB  iritrated^or^ 


dllMDt 

by  a  spcolally  added  VOOfOSBR  (Bibl.ll2)<  Nitrati«B  la  th«  yapor  pbaat  hM 
also  bean  suggaatad  (Blbl.113). 

dlasolva  oca^ieiiiida 

Tha  high  capacity  of  nitric  acid  to  atiddW  the  najority  of  organl^JUiiiiX 

oakas  it  possible  to  perform  nitration  under  hcmioganous  conditions.  Increased 

reaction  velocity  shouid  be  facilitated  by  the  large  modulus  of  the  nitration  bath, 

XH  and  the  good  solubility  of  the  initial  product  in  acid.  Upon  nitration  by 

dilute  nitric  acid,  nitrogen  oxides  should  be  present  in  the  latter  . 

Section  2.  Kinetics  of  Nitration  by  Nitric  Acid 

Nitration  by  nitric  acid  alone  proceeds  with  the  use  of  a  considerable  excess 

thereof  over  the  theoretical.  This  is  due  to  the  need  to  eliminate  the  influence  of 

dilution  of  the  acid  by  the  water  liberated  in  the  course  of  the  reaction. 

.  and 

An  investigation  of  the  kinetics  of  nitration  of  benzene,  toluene, /ethylene  benzene 

under  similar  circumstances  (5  moles  of  nitric  acid  per  0.1  mole  of  the  conpound 

being  nltra.ted)  has  shown  that  the  nitration  velocity  remains  unchanged  until  all 

the  substance  being  nitrated  has  undergone  reaction.  Consequently,  the  reaction  is 

constants 

of  zero  order.  The  nitration  velocity  HBOflHOiH  of  benzene,  toluene,  and  ethyl  benzene 
are  identical,  and  not  d^endent  i^on  the  concentration  of  the  cca^jound  being  nitrated 
(Bibl.llA). 

I^on  nitration  in  acetic  acid  or  nitronethane,  the  order  of  reaction  is  detenained 

by  the  nature  of  the  substance  being  njltrated.  Nitration  of  arosuitic  oaBq>ounds 

proeeeds 

XX|  adequately  sensitive  to  reaction  Involving  electrophilic  substitution 
at  virtually  Idmtloal  velocities  and  in  the  aeroth  order,  idiereas  in  the  ease  of 
substances  having  lew  e^saeity  to  react  to  this  substitutien,  it  is  of  tbs  first 


erd«r  (Bibl.99) 


Nitration  of  aroMtlo  eoo^ounda  by  IX  nitric  acid,  partloularlj  in  orgaaia 
aolvants,  la  aocaloratad  by  addltlona  of  sulfuric  aoid  and  Inhibltad  by  addltiona 
of  mtals  and  water,  which  dlasoolata  nitrates.  Additions  of  the  latter  not  only 
diainlsh  the  velocity,  but  in  some  cases  change  the  order  of  reaction  (from  the 
zeroth  to  the  first). 

Ingold 

On  the  basis  of  these  facts,  npoXX  (Bibl.99}  assumes  that  the  velocity  of 
nitration  depends  upon  the  preliminary  process  influenced  by  the  solvent.  He 
saasHinw  considers  this  process  to  be  the  fonnation  of  the  nitronium  cation  by 

disruption  of  the  bond  in  the  jflBOfK  Hantsch  cation:  - 

OiN OHf (Vi*  +  OH». 

The  hypothesl  a  that  is  formed  from  JipNO,®  is  based  upon  the  fact  that  tjie 

••  * 

nitration  velocity  increases  upon  addition  of  the  ‘stronger  acids  (H^SO^) ,  idil  h 
facilitate  conversion  of  HNO^  and  Thus,  a  proton  joining  the  molecule  of 

nitric  aoid,  is  supplied  either  by  the  nitric,  acid  itself: 

f«»l  '  _  •  .  (a) 

HNO| + W»0|5=£  M|MOf + NOf; 

-i^NO?+  HjO.  (b) 

or  by  the  stronger  acid 

HN0,+H|8O4?^IV»f+H80fj 

H|MOf-^H0f+H*O.  (b) 

The  second  process  in  nitration  due  to  IngoU  is  the  process  of  reaction 
between  the  nitronioa  cation  NO^  with  the  aroaatio  eo^>e«nd  undercolng  nitratieat 
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"0| 


If  the  latter  reacts  we^cly,  the  total  reaction  speed  Is  governed  bjr  the 

velocity  of  this  particular  process,  and  the  order  becomes  first-order  in  terms 

of  the  ccmtpound  undergoing  nitration.  The  velocity  constant  of  the  first  order 

depends  upon  the  nature  of  the  compound  undergoing  nitration.  However,  if  the  conppund 

to  be  nitrated  is  3b&of  high  reactivity,  it  will  react  with  the  nitronlum  cation 

more  rapidly  than  the  composition  of  occurs.  Therefore,  in  this  instance, 

the  reaction  velocity  constant  does  not  depend  upon  the  nature  of  the  craspound 

being  nitrated,  aiid  the  reaction  is  of  zero  order. 

.  Nitration  of  nhenol  by  XX  nitric  acid  in  aqueous  solution  is  a  complex 
autocatalytlc  '  . •  •  ‘ 

XltAXItjUjttXA  reaction  (61bl.ll5).  Its  velocity  increases  with  increase  in  the 

strength  of  the  acid,  and  diminishes  with  Increase  in  the  concentration  of  phenol. 

Nitrous  acid  is  a  strong  positive  catalys^^  for  this  reaction..  In  the  absence  of 

nitrous  acid,  ytlHlX  phenol  undergoes  virtually  no  nitration  by  nitric  acid.  With 

nitric  acid  of  a  specific  strength,  the  reaction  velocity  is  directly  proportional 

to  the  strength  of  the  conpound  being  nitrated  and  to  the  nitrous  acid.  With  increase 

in  the  strength  of  the  nitric  acid,  the  rate  of  nitration  increasee  sharply. 

A  conparatlve  study  of  the  kinetics  of  phenol  nitration  in  an  aqueous  medlusi  sad 

in  acetic  acid  msdlum  has  shown  that  t}ie  ireactlon  velocity,  given  equal  strength  of 
_  an 

acid,  is  eoasiderably  IxpBi  higher  la/aeetie  acid  asdiia  than  in  aa  aqmems  asdiai. 
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Th*  r«t*  of  nitration  of  aronatlo  ooaqpounda  of  nltrle  aeid  in  aeetie  anlqrdrido  M 
■adim  la  datarminad  by  tha  natura  of  tha  aronatle  eoapound  (Bibl.ll6)  and  Inoraaaa# 
in  tha  following  ordar  (the  nitration  velocity  of  banzana  la  taken  aa  unity): 
benaana  (l),  liimyHOUi  mata-xylene  (?)*  meaitylana  (25)«  paaudocumana  (28).  In 
tha  caae  of  the  halides,  tha  sequence  is  as  follows: 


C^(0kl8)<C^fUm<C|^. 

<jr-CHAH4U(0bS) 


Chohen  and  Wibaut  (Bibl.3l)  contend  that  nitration  by  a  mixture  of  nitric  acid 
and  acetic  anhydride  proceeds  through  the  stage  of  formation  of  a  mixed  anhydride 
-  acetyinitrate  (CHoCOONOp).  It  is  shown  that  under  these  circumstances,  too,  the 


rate  of  nitration  is  increased  catalytically  by  nitrous  acid,  the  effect  of  the  latter 
being  weakened  when  the  particulcir  maximum  concentration  thereof  in  the  mixture  is 
attained. 

Section  'J>  The  Mechanism  of  Nitration  by  Mixed  Sulfuric  and  Nitric  Acid 

When  aromatic  confounds  are  nitrated  by  nitric  acid,  a  nitro  compound  and  water 
are  formed: 


ArH  +  HNO,  -*  ArNO|-|>Hp. 

Despite  the  irreversibility  of  this  process,  the  water  liberated  diminishes  the 
nitrating  effect,  as  a  coiweqaence  of  its  effect  upon  the  state  of  the  nitric  acid, 
and  does  not  permit  the  acid  to  be  fully  employed  to  form  the  nitro  cospound.  Therefore, 
since  the  last  Century,  the  process  of  nitration  has  been  performed,  in  TBBSSEBDL 
Industrial  cciidltlons  in  a  sulfuric  acid  asdium,  the  sulfuric  acid  being  added  for 
ths  purpose  of  taldiig  up  the  water.  However,  as  far  back  as  1899,  T.TJbrlcevaikev 
(Blbl.117)  observed  that  eulfurie  acid  is  not  ealy  a  Mdwr-raaevtng  sabeta«ee,  bat 


«lte  MXTM  to  Inorouo  th«  Bltrotiac  offoet  of  tho  nltrio  Mid  (tho  altratlat 


•ffMt  of  an  Mf  anfajnlroiis  alxod  ittlforie  and  nitrle  Mid  la  hl|;har  than 

phanatnon 

that  of  anhydrous  nitric  Mid  alono}<>  As  an  explanation  of  this  palWMillMi  he 
hypothesized  that^when  sulfuric  and  nitric  acid  react,  a  nltro  sulfuric  acid  is 

formed  in  accordance  with  the  following  equation 

HNO,+ H,SO«  Z  HOSOyONOk+Hp. 

In  tho  opinion  of  V.V.Markovnikov,  nitro  sulfuric  acid  has  a  greater  tendency 
to  substitutional  reactions  in  nitration  than  does  XXXX  nitric  acid 


HCSO,ONO,+ArN  ArN0,+H,S04. 

One  proof  of  this  analysis  of  the  reaction  mechanism  was  hold,  by  him,  to  be 
the  emission  of  much  heat  in  the  preparation  of  the  acid  mixtures  from  the' 
IniiTridual  con^jonents  thereof.  The  higher  nitrating  effect  of  mixed  acid 


OAiouA  wx  iixux  xw  awxu  AOS  xa  svjxaoAAu  xrwut  uiio  xavu  UAiao  uiixo  ialxauux’9  a  9«WiI  i n±\jrti^9B 


nitrobenzene  to  dinitrobenzene,:  whereas  concentrated  nitric  acid  will  nitrate 


this  product  only  with  difficulty  even  upon  boiling. 


At  present,  nitric  acid  ccm^iounds  are  known  whose  XX  stinicture  is  analogous  to 


that  of  nitro  sulfuric  acid:  acetyljnitrate  CH^OON02  which  is’  formed  in  accordance 
with  the  reaction 


2HN0,+  (CH,C0),0  2CH,C00N,0  +  H,0 

(and  which  has  a  higher  nitrating  effect  than  nitric  Mid)  (Blbl.31,  UB,  119,  120) 
and  a  oonq>ound  of  nitric  Mid  and  sidfurlc  anhydride  HNO^  *  230^ /^produced  in  1939 
by  IXlIflimn  V.V.FlUpehuk,  and  later  by  others  (Bibl.121). 

apasokokotskly  (Bibl.122)  bolds  this  compound  to  be  an  eleotrelyte  of  the 
foUoMiag  struoture:  CXO^^,  tSS20y^»  Rw  MoirMy  of  l4>aeekBkietski7*s 
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«u  eenfixMd  19011  otudy  of  tho  HUM  fpootna  of  thia  ooipoiind  (Mbl.95)  Midi 
dotomlnatlon  of  tho  aoltlng  points  of  a  alxtnro  of  nitrlo  aold  sad  sulfuric 
snhTdrldo  (Blbl.123). 

Subsoquontly  (Blbl.124)  a  further  ssries  of  nitric  acid  coapounds  in  tlia 
fom  was  founl: 

1N0,1?,|S,0,1»;  [NO,l^ISAol•*: 

(NO,1®.(SO,F]*;  INO,)®{BF,f; 

[NO,J®.[I>F,l®:  INO,1®[RuF,13; 

INOJ*IA»F,l*;  lNOi]®  (SbFJ». 

physical-chemical 

A^V.Sapozhnikov  studied  the  (Bibl.125)  and  the  nitrating 

(Blbl.126)  properties  of  mixed  acids  and  found  that  sulfuric  acid  increases  the 

nitration  velocity  only  up  to  the  point  at  irtiich  a  specific  concentration  of  water 

i;i  the  acid  mixture  is  attained.  iSS  Below  thia  concentration,  tho  nitrating 

capacity  of  the  mixture  of  iOtMlX  sulfuric  and.  nitric  acid  diminishes.  This  Interesting 

phenomenon;  showing  that  sulfuric  acid  plays  a  more  con^lex  role  in  the  nitration 

reaction  than  merely  that  of  freeing  it  of  water  was  e35>lainod  by  A.V.Sapozluiikov 

in  terms  of  the  effect  of  the  sulfuric  acid  upon  the  condition  of  the  nitric  acid 

in  the  acid  mixture.  A.V.Sapozhnikov^s  theory  of  nitration  has  been  accepted  by  all 

scientists  throughout  the  world  and  has  not  lost  its  significance  to  this  day, 

although  li  another  scientific  interpretation  of  it  Is  given. 

phys  ical—ohemioal  ^ 

A.V.Si^ozhnlkov's  investigation  of  the  propsrtles  of  texmary 

mixtures  HN0^-H2S0|^-H20  showed  thst|idien  nitric  acid  is  sddsd  to  sulfurlo  aedi,  tbs 

exsrelses 

sleotrleal  omdnetlTlty  InoreMss  sharply.  The  snlfnrle  teid  MfiSSfEBBi  a  sdl^iifiettBt 
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Inflmnoc  vpcoi  th«  vapor  prosaaro  of  tha  nitric  aeid.  it  solfarie  aold  ia  ad4ai 

to  tho  Bonohjrdrata  dilntad  the  nitric  IBMSt  aold,  tha  v^por  praaaara  Ineraaaaa 

and>  attaining  a  aaxiniai  at  a  ratio  of  HNO^  *  n(H2S0^  *  «  baglns  to 

dluinish.  Howevor,  tho  vapor  prosauro  drops  not  In  proportion  to  tho  drop  in  tho 

strmgth  of  tho  anhydrous  nitric  acid  in  tho  ailxturo,  but  soaoidiat  moro  riqsidljr 

tho 

than  this,  i.e.  aa  would  bo  tho  case  if  a  portion  of/HNO^  had  disappoarod.  Thaso 

obsorvatlons  enabled  A»VaSapozhnikov  -to  assume  that  a  reversible  process  SilBBBB 

occurs  in  nixed  sulfuric  and  nitric  acid: 

HH0,.bH:0  +  H,S04  ^  HNO,  (»  ^  jt)  H,0  +  H,S04-Jt  H,0. 

Consequently,  according  to  A.V.Sapozhnikov,  tho  nitric  and  sulfuric  acids 

in  tho  ternary  mixture  HN02-H20-H2S02^  are  found  as  hydrates,  and  tho  sulfuric  acid 
hydrates  come  into  being  .as  a  consequence  of  dehydration  of  the  nitric  acid  hydrates. 

In  cases  of  equimolecular  relations  between  the  sulfuric  acid  monobydratss  and 
the  water,  conqjloto  dehydration  of  the  nitric  acid  occurs  in  the  mixture,  and  tho 
latter  is  in  tho  state  of  free  monohydrate,  despite  the  presence  of  water  in  tho 
mixture.  This  coincides  with  the  maximum  vapor  pressure  of  HNO^.  Thereafter, 
addition  of  the  sulfuric  acid  monohydrato  results  in  reduction  in  the  vapor  pressure 
of  nitric  acid.  A.V.Sapozhnikov  e^q^lalns  this  fact  ZX  as  follows^  tflK  when  the 
amount  of  water  in  the  mixture  becomes  inadeqtiate  for  fonaatlon  of  the  hydrate 

unhydrated  sulfuric  acid  cleaves  water  away  from  the  nitric  acid, 
converting  it  into  the  anhydride  N20^,  thus  reducing  the  strength  of  the  HNO^,  and 
consequently  its  vapor  pressure.  Thus,  according  to  the  viewi  of  A.T.Sapoihnikov, 
the  nitric  acid  vapor  pressure  over  mixed  sold  is  governed  by  oondltien  of  the  nitric 
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aeld  in  this  Bixturc 


Aaswing  the  exLetenoe  of  a  relatlchshlp  betwem  the  degree  of  delqnlratten 
of  HNOj  in  the  ternary  mixture  H2S0j^-HlK)2"4l20  (eharaoterized  by  the  partial  preaeure 
of  the  nitric  acid)  and  the  nitrating  capacity  of  thie  mixture,  A.V.SapozhnikoY 
conQsared  the  data  he  had  Jd  gathered  on  the  nitrating  capacity  and  the  vapor 
preasure  of  the  nitric  acid  in  the  corresponding  temazy  mixtures  #  In  so  doing, 
he  discovered  a  coincidence  between  the  nuodmum  of  nitrating  activity  of  the 
mixtures  with  respect  to  cellulose,  and  the  vapor  pressure  of  nitric  acid.  Moreover, 
basing  himself  upon  the  e:q3erlments  of  Vieille,  >rtio  showed  that  78^  nitric  acid, 
corresponding  to  a  composition  of  XX  HNO3  *  H2O,  does  not  nitrate  cellulose, 
A.V.Sapozhnikov  suggested  a  theory  of  nitration  mixtures  in  accordance  with  which 
IICIXI  it  is  only  the  unhydrated  nitric  acid  that  has  the  capacity  to  nitrate.  As  a 
consequence,  the  degree  of  nitration  of  cellulose  is  directly  related  to  the  condition 
of  the  mixture.  When  the  mixture  is  H2S0^  *  H2O,  all  the  nitric  acid  is  present 
as  the  monohydrats,  and  the  acid  mixture  has  maximum  KOQB  nitrating  capacity.  When 
the  amount  of  water  in  the  acid  mixture  is  increased,  nitric  acid  hydratssjHNO^  *  H2O, 
come  into  being  therein.  This  reduces  the  reactivity  of  the  nitric  acid. 

The  nitrating  ability  of  mixed  acid  diminishes  also  if  the  amount  of  water 
is  Inadequate  to  take  up  the  entire  sulfuric  acid  as  hydrate  *  H^O,  in  which 

case  the  unhydrated  sulfuric  acid  cleaves  water  away  from  the  nitric  acid  converting 
it  to 

Sapoihnlkov  was  in  error  in  asstsdlng  that  aitrlo  anhydride  yields  a  lewwr  vaper 
pressure  than  aitrle  aeid,  and  dees  not  causa  nltratioB. 
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Fig.l  -  A.T.Sapozhnlkov*8  Diagram 

A.V.Sapozhnlkov  depicted  the  data  of  his  e:q>eriment8  with  respect  to  vapor 

pressure  and  the  nitrating  activity  of  mixtures  on  a  Gibbs’  phase  rule  plot  (Fig.l). 

The  vertices  of  the  triangle  correspond  to  100^  con5)osition  of  each  of  the 

The  sides  of  the  triangle  eorrespoad__^__jihe--^ 

coB^onents  of  the  mixture  H2S0/^,  HNO^,  and  H2O.  ,  ThadUiA  coo^ositions  of  the 
respective  binary  mixtures.  Sach  point  within  the  triangle  represents  the  caiq>08ition 
of  a  ternary  mixture.  The  coii9>08ltion8  of  the  mixtures  are  given  in  moleciilar  percent. 
The  solid  curves  on  the  diagram  correspond  to  mixtures  having  identical  nitric  acid 
vapor  pressure.  The  broken  lines  represent  mixtures  having  identical  nitrating 
capacity  for  cellulose. 

Graphd.0  caBq>arl8on  illustrates  the  presence  of  a  specific  relationship  between 
the  direction  of  the  curves  bounding  the  regions  of  the  cells  having  an  identieal 
degree  of  nitration,  and  the  diraetion  of  ounres  equal  to  the  partial  proMare  of 
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Fig. 2  -  Change  in  Strength  of  Nitro  Mixture  in  the  Nitration  of 
MononitrobenTiene 

the  nitric  acid  vapor  in  ternary  mixtures. 

A.G.Gorst  (Bibl.127)  showed  that  A.V.Sappzhnikov’s  theory  of  nitration  is 

also  applicable  to  the  case  in  which  aromatic  hydrocarbons  are  nitrated  if  the 

acid  mixture  is .  characterized  not  by  its  TWTO3tI1K  initial  but  final  ccs^osltlon. 

This  necessity  eirlses  from  the  fact  that  the  congiosltion  of  the  acid  mixture  changes 

substantially  in  the  process  of  nitration  of  aromatic  hydrocarbons.  The  change  in 

con^josltion  is  due  to  the  low  module  (module  is  the  ratio  of  the  weight  of  the 

nitration 

mixed  acid  to  the  weight  of  the  substance  undergoing  nitration).  In  the  iZZSEQW 
of  cellulose,  the  module  Is  high,  and  therefore  the  composition  of  the  acid  mixture 
during  the  entire  period  of  nitration  remains  virtually  imohanged.  Change  in  the 
strength  of  the  nltro  mixture  in  the  process  of  nitration  may  be  Illustrated 
griphieally  on  a  diagram  (Fig.2},  in  irtiieh  the  compositions  are  eipresssd  in 


Bwlseular  peresat 


In  th«  prooMt  of  nltmtioR,  tbn  aolnr  pnronnt  of  ovlAirlo  Mid  in  tbo  nitv* 

■ixbtiro  rwudns  unohangod.  Thoroforo  a  alxtnro  whoa#  Initial  eoapoaitim  ia  z 

will  roact  with  tha  ooa^ound  undargolng  nitration  until  ita  eoag>oaltlon,  varying 

along  the  atral^t  line  HlpKy  xy  achlevea  a  limiting  value  y,  at  idiich  the 

reaction  eeaeea  for  all  practical  purposes.  This  same  point  of  cessation  of 

reaction  y  will  be  achieved  with  any  other  nitro  mixture^  the  initial  coiqsoaltlon  of 

which  lies  between  x  and  y.  The  yield  of  nitro  products  irtien  acid  of  cooposition  x 

in  moles  per  mole  of  nitro  mixture  is  expressed  by  the  straight  line  xz,  as  this 

straight  line  measures  the  consunption  of  nitric  acid, 
curve 

The  innRHW  AB  is  the  curve  for  acid  mixtures  of  the  limiting  conposltlon. 

The  acid  mixture  of  limiting  conposition  is  that  in  which  the  nitration  reaction 
virtually  ceases.  This  curve  is  analogous  to  the  curve  obtained  by  HfTHIIHimH 
A.V.Sapozhnikov  for  cellulose  nitrates i  ' 

A  similar  investigation  was  conducted  in  1940  by  Lewis  and  Suen  (Bibl.128). 

They  determined  the  partial  pressure  of  nitric  acid  and  water  vapors  over  mixed 
acid,  and  also  studied  the  reaction  rate  of  nitration  of  nitrobenzene  by  acid 
mixtures  of  various  conposltions.  The  results  of  measurements  of  vapor  pressure, 
applied  to  a  phase  rule  plot,  or  coopared  to  the  curves  for  constant  velocities  of 
nitration  (isobells).  The  authors  enphasize  the  remarkable  parallelism  between 
nitration  velocity  and  v^or  pressure  above  the  reaction  mixture.  Assuadng  that  in 
the  ternary  mixture  H2S0j|^-H20-HN03  only  10)03  significantly  volatile 

fl 

'oBOt 

the  authors  XI  hoM  that  the  nitration  velocity  is  a  function  of  the  rmtle  . .  . 

A  shorteoadag  of  A«T.Sapethnlkov*s  theory  ie  the  errofmeua  eceoept  to  tiM  effeet 


-that  nltrie  aahjrdrld*  ia  fontad  ia  tha  proetM  ot  d«h;dration  of  nltrio  aeid 
by  aulfurlo  aold,  aikl  the  aaaartion  that  N20^  ia  Inoapablo  of  nitrating  eellnloao* 

Tha  concept  of  tha  atraeture  of  nitric  acid  and  ita  laljcburea  with  eulfnrio 
acid  preaented  by  Hantaeh  on  tha  baaia  of  atudiea  of  cryosoopy,  electrical 
conductivity,  and  apectrum  analyaia,  made  it  joanfim  possible  for  Faimer  (Blbl.129) 
to  carry  further  the  theory  of  A.V.Sapozhnikov. 

According  to  Hantsch  (Bibl.97)»  nitric  acid  plays  the  role  of  a  base  in 

acid 

mixtures  of  nitric  and  sulfuric  acids,  and  sulfuric  XCU  acts  as  the  acld« 

Aqueous  nitric  acid  has  the  structure  of  a  salt  [H^0^®[N0o  1®.  When  sulfuric  acid 
is  added  thereto,  the  latter  removes  water  from  the  hydroxonium  salt  of  nitric 
acid: 

(H,Oj'’(NO,l®  +  H,SO<  1!  HONO,+  [H,0]'®  |HSOJ* 
and  thereby  increases  the  content  of  pseudo^nitric  acid  (HONO2).  The  addition  of 
a  specific  amount  of  sulfuric  acid  to  the  nitric  acid  makes  it  possible  to  convert 
it  completely  to  the  pseudo  state.  Further  increase  in  XSU  the  amount  of  sulfuric 
acid  and  reduction  in  the  water  content  of  the  mixture  results  in  formation  of 
nitrocidium  sulfate  and,  correspondingly,  to  a  reduction  in  the 

amoimt  of  pseudo  nitric  acid. 

In  Farmer's  opinion  (Bibl.129),  it  is  specifically  the  pseulo  nitric  acid  that 
participates  in  the  nitration  of  aroeuitlc  hydrocarbons  and  the  etherification  of 
alcohols  and  cellulose. 

Other  investigators  tmZXOS}^  (Blbl.130,  131)  have  advanced  analogeus  views 
with  respect  ts  the  asebaiilsm  of  nitration  by  ninad  aeid. 


The  large  maher  ef  studies  devoted  to  iBvmtifStiea  «f  irilaed  seid  mt  ef  the 


nitmtlon  rMietlon  publlth^d  in  th«  po«t««r  7«ar«,  ia  uhleh  pBp  pfld*  of  plM* 
most  bo  glTon  to  thoso  of  A.l.TitoT,  Bonnott,  aad  Ingold,  Indleoto  that  nitronim 
oatlona,  dlsaoolatlon  produeta  of  nitrlo  aoldf  aro  px^aant  in  nixod  aold  S  aa  rail 
aa  In  atrong  nitric  acid. 

The  appearance  of  the  nltronlnm  cation  from  UX  nitrlo  acid  in  the  preaenee 
of  sulfuric  acid  may  be  extplained  by  the  dlasoclation  of  nltro  sulfuric  acid: 

HN0,+  H,S04  ^  H0S0,0N0,+  H,0. 

HOSOjONO,  NC^  +  HSOf: 

water  reacts  with  H2S02^  to  form  hydroxonium  ions  and  the  bisulfate  HSO^: 

* 

H,S04 + H,0  ^  H,0®  +  HSOf. 

iliorefore,  the  reaction  between  nitric  and  sulfuric  acid  may  be  expressed  in  terms 
of  the  equation 

HNO, + 2H,S04  NC^ + H,0* + 2HSOf . 

The  numerous  studies  representing  investigations  of  the  structure  of  the  acids 
have  finally  confirmed  the  validity  of  this  equation,  in  accordance  with  irtiich 
sulfuric  acid  converts  nitric  acid  into  the  NO2®  cation  (Bibl,98,  132,  133). 

Determination  of  the  reduction  of  the  freezing  point  of  1005?  sulfuric  and 
pyrosulfuric  acids  jupon  addition  of  nitric  acid^  has  shown  that  this  is  actTially 
acconqjanied  by  the  formation  of  four  particles  for  each  molecule  of  nitric  acid, 
as  the  equation  presented  demands  (Bibl.134,  13$). 

The  high  electrical  conductivity  of  mixed  aci.a,  discovered  by 
A.V.S^oshnlkov  (Blbl.125),  and  studied  in  detail  by  other  investigators  eonfinw 
the  formation  of  Ions  whan  nitrlo  aeid  la  dlaaalTsd  into  snlforie. 
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S  Upon  •laotrolyiis  of  HNO^  In  olow  lolatlon,  it  hm  found  that  nltrle  aeid 


aovoa  toNard  the  cathode,  and  oonsequentlj  nitric  acid  in  this  solution  is  in  the 
fora  of  a  cation  .(Blbl.136). 

The  absence  of  free  nitric  acid  in  the  nitrating  mixture,  when  it  contains 
leas  than  10^  water,  and  in  an  anhydrous  mixture  is  confiraed  by  A.V.SapozhnlkoY*s 
discovery  of  the  exceeding  low  vapor  pressure  of  nitric  acid  over  such  a  mixture 
(Bibl.125,  137). 

e 

In  investigations  of- the  Raman  spectra  of  solutions  of  nitric  acid  in 

e 

sulfuric  acid,  a  1400  cm“^  lino  was  found,  the  intensity  of  >rtiich  diminished  with 
increase  in  the  water  content  of  thd  mixture  (Bibl.138).  On  the  basis  of  analogy 

with  lines  yielded  by  biatomic  and  linear  triatomic  particles,  it  is  held  that  the 

X  -  1400  om“^  0 

line  of  that  frequoncy/represonts  the  nitronium  cation  O-N-0  (Bibl.137,  139). 

The  Raman  spectrum  method  has  now  boon  on5)loyed  to  develop  a  procedure  for 
quantitati-ve  determination  of  the  nitronium  ion  in  nitric  acid  and  mixed  acid  (Bibl,l40). 
It  was  found  that  the  Raman  spoctrvnn  line  corresponding  to  the  NO^  ion  disappears 
conqDlotely  in  nitric  acid  when  a  water  content  o£  5  -  6%  is  attained,  but  at  a 
considerably  higher  water  content  in  mixtures  with  sulfuric  acid. 

Inasmuch  as,  in  ternary  HN02-K2S0/,-H20  mixtures,  the  water  is  taken  up  primarily 
by  sulfuric  acid,  it  will  follow  that  the  presence  of  the  nitronium  cation  may  be 
noted  at  higher  water  contents  (Bibl.132,  141).  Reduction  in  the  NO^  content  with 
addition  of  water  to  mixed  acid  is  explained  by  the  formation,  under  these 
conditions,  of  the  hydroxonium  and  bisulfate  ionst 


1M04+ ►VJjt  H*0«+ HWf . 


i^loh  shift  the  squlllbrlum  of  ths  nitronltm  cation  fomation  raaotlmi  to  tho 
loft. 

FmB  msasurenont  of  the  brightnoss  of  linos  at  1400  cm'*^  in  tho  Raawn 
spoctrum  of  this  light,  the  equilibrium  constant  of  the  reaction  referred  to 
above  is  found  to  equal  approximately  30  -  U2.  From  kinetic  data,  the  value  of 
this  constant  would  be  31  -  3^*  Consequently,  if  a  sufficiently  IX  large  excess 
of  sulfuric  acid  is  present,  and  if  the  water  content  is  small,  nitric  acid 
undergoes  virtually  conqplete  transformation  into  the  nltronium  caticm  (for  exanq^le, 
in  an  0.2-molar  solution  of  nitric  acid  in'  98  -  100^. sulfuric  acid).  However,  in 
an  87%  sulfuric  acid  solution  of  the  same  amoimt  of  nitric  acid,  only  12.7%  of 
the  MlKlHHrnHiXX  nitric  acid  goes  into  nltronium  cations  (Blbl.132,  142). 

In  anhydrous  mixed  acid,  Increase  in  the  nitric  acid  content  is  accompanied 
by  a  reduction  in  the  degree  of  conversion  thereof  into  nltronium  cation,  as  is 
evident  from  the  data  in  Table  4  due  to  Chedln  (Bibl.138)  on  the  basis  of  the 
brightness  of  the  1400  cm~^  line  in  the  HXX  Raman  spectrum. 

Table  4 


0) 

HjSO* 

nr 

90 

85 

80 

60 

40 

20 

10 

0 

HNO, 

i  ® 

10 

15 

20 

40 

1 

60 

80 

90 

100 

w 

100 

_ 

100 

80 

62,5 

1  1 

26,8 

1 - 

1  16,7 

9,8 

i 

1 

5,9  1 

1 

a)  Coiqjosltlon  of  mixed  acid,  in  %•,  b)  Amount  of  HNO^,  converted  to  NO;^,  in  % 
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Aoeording  to  A.l.TltoT  (Blbl.9d},  tht  fomtloB  of  nltroniuB  eatlm  in 


■Ixod  acid  bogina  with  the  attaohaent  of  a  proton  to  a  Bi  nitrio  aold  aolaeule 
In  two  poeslble  direotlonat 


HO-Nf  +H,SO« 


^  HO-~sf  +  SO4H 

0  \  — ■ 


OH 


>0  -Nf  +SOiH 


H 


/'(ID 


(a) 

(b) 


nltracldlim 

In  accordance  with  eq.(a).  It  ie  the  Hantsch  sCQtSBSGGCdb  cation  (I)  that  is 

nitroxonium  cation 

formed,  idiereae  in  accordance  with  eq.(b),  it  is  the  SXZXBOHBBBGBKIB  (II).  The 


latter  goes  into  an  equilibrium  reaction  with  the  second  molecule  of  the  sulfuric 


acid: 


mJt 


H 


o:  +  nyo^H  =  0=»N»  0  +  ;0 — 

I  I 


H 


h+so*h” 


(c) 


which  results  in  the  formation  of  free  nitronium  cation.  As  a  consequence  of  the 
acid-base  nature  of  the  reaction  (a,  b,  c),  the  formation  of  nitronium  cation  in 
strong  acids  grows  very  rapidly,  in  proportion  to  the  acid  function  of  the 
reactant,  whereas  in  the  ordinary  nitrating  mixture  or  in  strong  nitric  acid, 
it  occurs  almost  Instantaneously. 

Formation  of  nitronium  cation  with  other  strong  acids,  for  exsa^ile,  with  boron 
fluoride, XX  follows  analogous  equation 

BPk 


Aa  th«  nitroniw  eatlen  (NO2'*’)  la  th«  aoat  anargatle  altratiag  Mdiia,  tha 
aotlvmting 

aaaanee  of  the  ISPUBOnS  affaet  of  sulfuric  acid  and  eartain  other  sujbataaeas 


Ilea  In  the  conversion  of  nitric  acid  Into  nltronlusi  cation. 

proceeds  via 

The  assuB^tlon  that  the  nitration  by  mixed  acid  the  nltronlun 

cation  is  confinned  by  the  following  fact.  In  90  -  95^  sulfuric  acid,  the 

nitration  velocity  changes  In  proportion  to  the  concentration  of  NO2*  (Bibl.l43). 

The  concentration  of  nitronium  cation  in  the  nitrating  mixture  may  be  considerably 

higher  than  100^  HNO^  (for  exan^jle,  100^  HNO^  contains  1^  wt'®rea8  in  a  mixture 

of  5%  HNO^  and  95^  virtually  the  entire  nitric  acid  goes  into  nitronium 

increased 

cation),  and  this  apparently  explains  the  TWnnnQniXK  nitrating  effect  of  mixed 
acid  when  compared  with  nitric  acid.  ^ tHYTlflrX 

In  a  paper  due  to  Bennett  (Bibl.lA4),  the  nitration  of  dinltrcitoluene  is 
employed  to  present  a  kinetic  proof  of  the  nitrating  effect  of  the  NO2''’  ion,  confirmed 
by  the  presence  of  a  velocity  maximum  upon  nitration  in  a  homogeneous  medium  for  a 
specific  strength  of  sulfuric  acid.  According  to  the  scheme  he  suggests 


HNOg  +2H,SO«^NOf  +  H,O®  +  2HS0f ; 

H,SO«  +  H,0  H|0®  +  HSOf : 

CH,C|H,{HOtH+NOf +  HSOf  CH AH|  (M0|>(  +  HtSO^; 
CH  AH«  (N0t),4  + H1SO4 CH AH|  (HOih  +  HaSOf 


the  process  of  nitration  is  regarded  as  a  simultaneous  reaction  of  the  li02‘*^  ion  and 
an  acceptor  proton  of  HS0^~  or  He  bolds  that  the  reaction  rata  of  hydrogm 

with  HS0|^~  is  considarablor  greater  than  with  In  fosixig  sulfuric 

acid,  the  BS20^~  Im  may  also  serve  as  proton  acceptor.  The  aptianai  eoaditi«Bs  for 
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rvMtion  are  (i«t«nBliMd  as  a  oonaaqoanea  of  tha  eoapatltlon  batman  thaaa  two 
equilibria,  iTiasmuch  as,  on  the  one  hand,  an  Increase  in  the  strength  of  the 
sulfuric  acid  Increases  the  nvsiber  of  Ions,  irtiereas  on  the  other  hand  It  reduces 
the  quantity  of  the  most  active  proton  acceptor!  the  HSO^^ion. 

Thus,  according  to  Bennett,  the  nitration  reaction  Is  the  result  of  an 
three 

encounter  among  SEKK  particles:  molecules  of  the  aromatic  confound,  the  nltronlum 

A  4*' 

Ion  XMl  NO2®,  and  the  proton  acceptor  which  may  HSO^®.  The  velocity  of  this 
reaction  depends  upon  the  eqTrilibrium  between  the  first  two  reactions  proceeding 
in  the  mixed  acid.  A  change  in'  the  velocity  may  be  induced  not  only  by  reduction 
in  the  NOp  contents  but  by  a  change  in/proton ’acceptor)  for  exanqile,  in  an 
anhydrous  mixture,  will  be  the  proton  acceptor.  Under  these  conditions, 

the  effect  of  the  nature  of  the  compound  undergoing  nitratioh  vpon  the  nitration 
speed  is  left  out  of  'consideration. 

Views  analogous  to  those  of  Bennet'b|(  have  been  put  forth  by  otheb  investigators 
(Bibl.li+5,  lfv6).  However,  as  shall  be  indicated  below,  studios  of  the  nitration 
rate,  employing  isotopes,  have  refuted  this  pattern. 

The  course  of  nitration  of  aromatic  ccapounds  by  the  nitronium  cation  is 
expressed  by  A.I.Titov  (Blbl.Bj,  98,  147)  as  an  ion-cooplex  reaction: 


When  the  reacts  with  the  ring,  a  critical  otaplex  Is  foneed,  partly  td  a 
result  of  the  energy  of  aotlvation.  Hydrogen  then  splits  off  in  the  fom  of  «a  lea 
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to  « 

of  rho  tolvont  of  high  polarityf  tad  tho  ooaplox  eon'rorts  IB  nitro  oei^>onnd« 

Tho  «norg7  requlrod  for  aotlvatlon  of  formation  of  the  nitro  ooapoond  Boat  be  the 
saaller,  the  deeper  the  i*eactlon  between  Ii02^and  Az4I  oen  go  as  a  consoquenoe  of 
coiqplex  formation  ae  such. 

A.I. Titov  believes  it  possible  that  the  capacity  to  nitrate  nay  be  manifested 
electrophilic 

by  such  highly  miHBHfflgflllif  con^)Ound8  as 


KOj — OKO^:  NOj — OSOjH  ;  NOy— 0^ 


HOj — 0  ,tc,. 

'^AtCtj 

in  viw  of  the  fact  that  the  condition  of  the  NO2  group  therein  is  similar  to  that 

for  .the  nitronium  cation.  Consequently,  the  activating  effect  of  such  additions  to 

nitric  acid  B  as  AlCl^,  BF^,  etc.,  is  ejq>lained  by  an  increase  in  tho 

electrophilic 

nature  of,  and  the  fact  that  the  nitro^gen  atom  of  the  nitrating 
agents  of  the  stinicture  indicated  above  are  not  saturated  in  terms  of  coordination. 

In  the  extreme  case,  a  nitronium  cation  NO2®,  of  maximum  activity  appears.  However, 
in  the  pure  condition,  BIQK  when  solvation  has  not  occurred,  may  exist  only 
In  the  gas  1^000k  phase,  according  to  A. I. Titov.  However,  the  activity  of  ND;^  in 
solvents  in  which  it  is  formed  depends  upon  the  degree  and  nature  of  its  solvation^ 
(Bibl.98). 

For  exnpls,  A.I  .Titov  ejq?3mins  the  disdsished  aetlvlty  of  a  aiactwe  of  nitrogen 
•od  hydrogen  flneride  by  the  deep  solvation  of  NO^  by  hydrogen  flnorlde  and  tha 


floorld*  Im,  dtM  to  tho  anall  slio  of  ttM  fluorino  atca. 


According  to  A.I.Titov  (Bibl.98),  snlfurlo  acid,  and  othor  nltratlm  aotivat«ra» 


in 


also  play  a  negative  role/that  thST-  are  ci^blo  of  reacting  with  aroMtlc  compounds 


to  yield  cosi^lexes,  salts,  and  B  cations,  for  exasqple 


QH, .  .  .  HjSO,:  C,H, .  .  .  AlCI,: 


C.H,N 


\OH. 


IS0,H1« 


Confounds  of  this  type  undergo  nitration  considerably  more  slowly  than  do 
the  initial  compounds,  as  a  consequence  of  the  sharp  reduction  of  electron  density 


therein. 


It  .is  from  this  aspect  that  A. I. Titov  examines  the  causes  for  reduction  in 
nithation  velocity  of  many  con^sounds  by  mixed  acid  MAM  when  the  strength  of 
tho  sulfuric  acid  is  increased  above  a  particular  value.  The  reaction  rate  of 
nitration  is  determined  by  the  nature  of  the  con5)Ound  being  nitrated,  Mich  is 
capable  of  reacting  only  with  nitric  but  with  sulfuric  acid .  The  reaction  with 
sulfuric  acid  in  the  presence  of  nitric  acid  occurs  only  when  there  is  an  excess 
of  the  former. 

Later,  analogous  views  were  set  forth  by  Gillespie  (Bibl.l48),  Ingold^ and 
Samuelsen  (Bibl.99). 

A. I. Titov’s  theory  provides  a  ready  explanation  for  the  nitration  of  many 
aromatic  compounds  (benzene,  toluene,  mononltrotoluene,  etc.)  IBXX  both  by  nitric 
acid  alone.,  and  by  mixed  acid.  In  mixed  acids  containing  more  than  lOjh  water,  the 
quantity  of  cation  will  be  small,  but  in  view  of  the  acid-basic  nature  of  the 
‘inaction  by  which  it  is  foxmed,  and  the  hii^hly  mtoleephyUie  nature  of  aroMtle 


eoa^tmda  of  tho  typo  of  tolomo,  tho  Ion  of  satlon  duo  to  eoBmaption 

1b  tho  proeoas  of  nltrotlon  ahoaM  bo  aodo  good  Tor7  rapidly  (Bibl.l43t  ^9)* 

Stodloa  mado  in  tho  last  few  years  have  provided  final  oonflnuition  of  the 

nitration  reaction  iU  mechanism  suggested  by  A.I. Titov.  Helander  (Bibl.l50), 

deuterium, 

having  studied  the  effect  of  the  rate  of  cleavage  of  the  proton,  and 

tritlvim 


upon  the  nitration  rate  of  toluene,  benzene,  naphthalene,  etc.,  has  shovm* 


that  the  rate  of  cleavage  of  hydrogen  of  various  atonic  weights  does  not  affect 

the  nitration  reaction  velocity.  Identical  velocities  K  were  found  by  other  authors 

on  the  nitration  of  nitrobenzene  and  pentadeuteron  nitrobenzene  (Bibl.151),  as  well 

as  of  benzene  and  monodoutoAenzene  (Bibl.152)  in  a  sulfuric  acid  medium. 

•  * 

On  the  basis  of  theoretical  considerations,  the  stage  in  \rtiioh  the  disruption 

of  tho  bond  between  the  hydrogen  atom  and  the  aromatic  ring  occurs,  in  the  case  of 
trititnn,  •  . 

only  about  20  -  30  as  fast  as  in  the  case  of  protium  (Bibl.153). 
Therefore,  the  absence  of  differences  in  the  nitration  rates  testifies  to  the  fact 
that  this  reaction  occurs  in  two  stages,  the  slower  of  >diich  (that  which  dotenninos 
its  velocity)  is  the  stage  in  which  the  bond  between  the  carbon  atcm  and  tho  hydrogen 
atom  replacing  it  is  not  broken. 

Bennett  (Bibl.154),  discussing  the  question  of  the  effect  of  sulfuric  acid 
upon  the  nitration  rate  of  an  aromatic  coa^>ound,  abandoned  his  theory  previously 
advanced  (Bibl.l4A)>  He  points  out  that  the  rate  of  nitration  depends  i:pon  tho 
solubility  in  siilfurlc  acid  of  the  coi^ound  being  nitrated  anl  vpon  the  degree  to 
idd.oh  nitric  acid  is  converted  into  the  ^0^  cation  under  the  influence  of  a  large 


excess  of  sulfuric  acid 


Ingold  and  his  usoointM,  abandoning  tholr  foiatr  Tiom  with  ronpoet  to 


tho  chain  moehaniam  of  tho  nitration  reaction  (BlbUiUA.,  155)  adranoed  a  two-otage 
neohanian  for  the  reaction,  in  which,  lllco  A*I. Titov,  hha  proton  lose  doea  not 
affect  the  reaction  velocity.  According  to  HI  Ingold  (Blbl.99,  106,  109),  the 
formation  of  the  N02^  cation  proceeds  via  the  foUovlng  stages: 


2HN6,  4  H,NCb^  +  Na*  (1.2  )• 

NO?+HjO.  (8  aUw/  ) 


As  this  cccvirs,  strong  acids  such  as  sulfuric  acid  nay  also  serve  as  hydrogen 
donors  in  tho  formation  of  H2N0^^.  The  nitro  compounds  are  formed  in  two  stages: 


/,  \ 

1  II  +  NO/* 

©\//  ’ 

s 

1  J^NOa 

1  !!  +H-».  (5  feet  ) 

1  s,  * 

XX  Thi  ;  mechanism  ass.umes  that  after  the  nltroniusi  cation  has  Joined  with 


the  arcsnatlc  atom  of  carbon,  XSX  proton  |iXX  attaclied  to  this  atom  cleaves  off 
almost  Instantaneously.  Thus,  this  mechanism  rules  out  the  trimolecular  reaction 


assumed  by  Bennett. 


Proceeding  from  consideration  of  the  effect  of  sulfuric  acid  as  a  highly  polar 


solvent,  IX  Ingold  holds  that  the  reaction  rate  of  nitration  in  anhydrous  sulfuric 
acid  has  to  be  froa  2-4  times  faster,  but  the  sltuatioa  is  eocq>lioated  by  the  fact 


that  the  convcund  being  nltmted  forms  salt-like  eeaq>lS3Bss  with  sulfuric  aoid.  Th^y 


ymoi^ble  of  reaetioa,  and,  v^m  tbs  addition  »i  wfcor^  tli^r 

72 


diiaoeiatlMi  irtiioh,  tind«r  thM«  eiroxmtanoM,  faeiUtAtcn  nitration  (Blbl.99»  1$6}* 
WllUlM 

Howrmr,  and  aasoolatoa  (Blbl.157),  oritielaing  Ingeld'a  thoory,  ho3d|^that 

roduetion  in  tho  nitration  volooity  ^occurring -ntwn  ono  changea  from  90^  to  100S(  H2S0j^ 
in  no  longer  explicable  in  quantitative  tema. 

From  the  foregoing  it  ia  clear  that  Ingold 'a  lateet  theory  is  highly  similar 
to  that  of  Titov. 

Section  4.  Kinetica  of  Nitration  by  Mixed  Acid 

a)  Nitration  under  Homogeneoua  Conditions 

The  kinetica  of  the  nitration  reaction  of  aromatic  cranpounda  by  ;aixed  acid 

haa  had  rather  adequate  inveatigation.  One  of  the  firat  atudiea  waa  one  of 

Martinaen  (Bibl.158)  who  atudied  the  relationship  of  the  nitration  velocity  of  a 

number  of  aromatic  con^iounda  to  the  strength  of  sulfuric  acid  tised  as  the' 

medium.  The  sulfuric  acid  waa  taken  in  considerable  excess  with  respect  to  the 

nitric  acid  .and  tho  compound  undergoing  nitration.  Therefore,  the  reaction  occurred 

’mder  homogeneous  conditions,  and  the  strength  of  the  sulfuric  acid  xmderwent 

practically  no  change.  The  nitration  velocity  constants  were  computed  by  Martinsen  • 

on  the  equation  for  bimolecular  reactions,  and,  having  found  them  to  bo  in  good 

agreement  for  various  time  inteirvals,  ho  demonstrated  that  the  nitration  reaction  is 

a  second-order  reaction.  Data  on  oc^orimonts  with  nitration  of  nitrobenzene  in 
of 

sulfuric  acid  ZD  various  strengths  are  presented  in  Table  5> 

When  these  results  are  presented  in  diagraifiitic  form  (Flg.3)  one  readily  sees 
a  mavimmii  in  the  curve  of  nitration  velocity  oonstants,  correspeoding  to  a  content 
of  0.63  molecule  of  water  per  aolseule  of  sulforio  asld  (reprosentlng  89«5,^  ^2^4)* 


Table  5 


.) 

^ir 

Ao. 

^ir 

f(r 

0,04SO» 

0,030 

0.23 

6.1 

o.aoHfO 

0,065 

1.50 

17,8 

0,63HtO 

0,360 

3.23 

11.5 

t,03H,O 

0,0J7 

0,18 

10,6 

a)  H2O  or  SO^  Content  per  1  mole 


A.V.Sapoaimikov 

Thus,  Martlnsen,  like  •KCpSDQQQCKIHtt  demonstrated  that  the  positive  effect  of 


S' ilf uric  acid  upon  nitration  velocity  occurs  only  up  to  a  specific  strength  limit. 


When  this  limit  is  passed,  the  sulfuric  acid  ceases  to  play  the  role  of  a  reaction 
promoter,  and  a  sharp  drop  in  the  ciirve  of  the  nitration  velocity  constants  testifies 
to  the  negative  effect  of  sulfuric  acid  of  high  strength. 


Subsequently,  it  was  found  by  the  work  of 

other  investigators  (Bibl,131,  144,  159,  I60)  that 

the  nitration  velocity  constant  of  the  majority  of 
diminishes 

aromatic  con^jounds  CQfSfXiXM  by  a  factor  of 
3-4  vrtien  the  strength  of  the  sulfuric  acid  is 
increased  from  90  -  100^  having  first  passed  through 


Fig. 3  -  Martinsen's  Curves 

a) 

b)  Mole  H2O  per  mole 


Mole  SO^  per  mole  H2S0ij,; 


a  maximian  obtained  at  various  strengths,  89*5^  in 
the  case  of  nitrobenzene,  and  93^  in  the  case  of 
dinitrotoluene).  For  confounds  such  as  benzoic 


acid  and  benzene  sulfonic  acid,  the  reduction  is  by  a  factor  of  18.5  and  11*5, 


reapeetieieljr. 

The  in  the  constant  of  nitration  veleelty  fagr  nlitod  aeids  Is  iBylslnsd 
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Table  5 


a) 

^0 

j  ^’25 

ko- 

0.91SO5 

i 

1 

0,036 

0,22 

! 

O.SOHjO  . 

1 

1 

0,065  1 

1,50 

17,6 

0.63HjO 

1 

0,280 

3,22 

11,5 

!  .OSHjO 

1 

0,017  1 

0,18 

10,6 

a)  H2O  or  SO^  Content  per  1  mole 


Thu3|  Hartinaen., 


like 


A.  V  .SApozhnlkov 


demonstrated  that  the  positive  effect  of 


sulftiric  acid  upon  nitration  velocity  occurs  only  up  to  a  specific  strength  limit. 
When  this  limit  is  passed,  the  sulfuric  acid  ceases  to  play  the  role  of  a  reSiOtioA 
promoter,  and  a  sharp  drop  in  the  curve  of  the  nitration  velocity  constants  testifies 


to  the  negative  effect  of  sulfuric  acid  of  high  strength. 


/c  at  ^5° 


intmfinjinnncTyrimcyx  ' 

Subsequently,  it  was  found  by  the  vrork  of 

other  investigators  (Bibl.131,  159,  'I60)  that 

the  nitration  velocity  constant  of  the  majority  of 
diminishes  . 

aromatic  conqjounds  by  a  factor. Of 

3-4  vdien  the  stfength  of  the  sulfuric  acid  is 
increased  from  90  -  100^  having  first  passed  through 
Fig. 3  -  Martinsen’s  Curves  a  maximum  obtained  at  various;  strengths,  89. 5^  in* 

the  case  of  nitrobenzene,  and  93$  in  the  ease  of 
dlnitrotoluene).  For  coe^ouhds  stub  as  bensioiq 
acid  and  ben«ene  sulfonic  acid,  the  reduction  Is  by  4t  factor,  of  18.5  ajW  11,5, 
respectively,.  ‘  ,  •  ’  .  ,  '  ■  ■ 

T-.e  maxlmijin  in  the  constant  of  nitration  velocit:.*  by  mixed  acids  is  exp.laiJied 


a)  Mole  SO^  per  mole  H2S0/^; 

b)  Mole  H2O  per  mole  H^SO^ 


Dy  lennett  and  associate^  (li' j.’V,)  .y  ‘.;.e  fact  •.'■at  ilfferent  ^artic'es  act  as 

proton  acceptors  in  sulfuric  acid  of  different  strengtlw  *  WSOj^  being  the 


♦ 


i 


Gi 

acceptor  in  dilute  acid,  in  anhydrous  acid,  and  HS^Oy  in.  acid  containing 

free  sulfuric  anhydride.  However,  as  has  already  been  shown,  the  speed  of  the 

nitration  reaction  is  determined  onijr  by  the  rapidity  with  which  the  critical 

ifii- 

complexes  formed,  and  is  not  dependent  upon  the  speed  with  which  the  proton  leaves^ 
and^ consequently,  cannot  be  determined  by  the  nature  of  proton  acceptor  (Bibl.98,  156). 

The  pa  existence  of  a'naxLmum  In  the  nitration  reaction^  speed  at  a  given 
sulfuric  acid  strength  may  be  explained  on  the  basis  of  the  theory  of  A.I. Titov 
(Bibl.9B,  147),  in  accordance  with  which  the  activating  additives  play  a  dual  role. 

On  the  one  hand,  they  convert  nitric  acid  into  its  active  nitrating  form,  ^rtiils  on 
the  other  they  play  a  negative  role  in  that  they  are  capable  of  reacting  with  aromatic 
con9)ound3  to  yield  complexes.  The  entry  of  aromatic  ccmpounde  into  a  cobi9)1ox  acts 
upon  their  reactivity  in  a  manner  similar  to  the  XXS  Introduction  of  meta-orienting 
substituting  groups  into  the  ring:  nitro  groups,  sulfo  gi*big)8,  etc.  It  is  from  this 
point  of  view  that  Titov  examines  the  cause  of  reduction  in  the  nitration  speed  of 
many  conpounis  by  mixed  acid  when  the  strength  of  the  sulfwic  acid  is  raised 
above  a  particular  level.  Samueleen’s  data  completely  confirm  this  new  point  (Blbl.99) 
The  equation  for  the  nitration  reaction  of,  for  exaa^jlej  nitrobensene,  as. 
conceived  by  A,I .Titov,  may  be  written  in  the  following  formt 

HNOj  +  BlijSO,  NOj'  +  2HSO?  +  H,0^’ 

C.lljNOj  +  NOj^  —  CsH,(NOj),+  H^  .  ■ 

i  /P  '"■•A." 

CgHsNOTj  +  HjSO,  :;z;(  CjH,— N  1  +HSOf  ;  < 

:  V  \oH  '  ■  ■ 

(  /  ° 

\  ^OH 


4  • 

I  +NO?-^CeH,(NO,),  +  2H® 


75 


Then,  the  expreeaion  for  the  xwiction  speed  will  appear  as  followe 


rf|C,H4  (NOahl 


[0  \*'J 

\  \0H  J 


Here,  it  is  only  the  first  tem,  expressing  the  rate  of  reaction  with  free 
nitrobenzene  that  has  real  slgnlflcancs,  as  the  velocity  of  nitration  of  the  cation ' 
of  the  nitrobenzene  complex  is  exceedingly  low. 

An  increase  in  the  strength  of  the.  sulfiu-ic  acid,  which  raises  the  content 
of  nitrating  agent  (the  nitronium  cation)^  at  the  same  time  continually  converts 
the  free  nitrobenzene  into  the  inactive  condition  of  the  cation.  The  dual  and 
mutually  opposing  effects  of  the  sulfuric  acid  upon  the  nitration  speed  is  what 
is  responsible  for  the  appearance  of  a  maximum.  This  explanation  is  confirmed  by 
the  fact  that  the  maximum  disappears  when  the  content  of  the  compound  being 
nitrated  is  increased.  In  this  situation,  the  relative  lose  of  the  compound  being 
nitrated,  caused  by  its  conversion  into  a  complex,  will  be  diminished, 

Gillespie  (Bibl.l6l),  studying  the  basicity  pf  nitro  .compounds  by  determining 
the  freezing  points  of  their  solutions  in  sulfuric  acid,  with  trinitrotoluene  and 
other  substances,  demonstrated  the  possibility  of  substantial  ionization  in  accordance 
with  the  following  mechanism 

~  s+HjSo, iSnso^H  SH^+Hsof. 


in  which  B  is  an  aromatic  nitro  or  eulfo  ccopound.  He  detfrolnsd  thet  a  O.l-molar 
solution  of  trinitrotoluene  undergoes  only  9%  ionization  in  anhydrous  H  SO, ,  tXtSSlL 


mxna  while  nitrobenzene  is  kl%  ionized,  and  para-nitrotoluene  is'  70^  ionized, 
approximately  (in  75%  H2SO/^).  Brand  and  associates  (Ribl.137),  having 

determined  the  ionization  constants  of  aromatic  nitro  compounds  in  99%  sulfurjc 

1 

*  * 

acid,  obtained  analogous  results  for  TKT,  para-nitrotoluene,  and  nitrobenzene. 

It  is  assumed  (Eibl.lA2)  that  the  distinctive  features  of  the  absorption  spectra, 
of  solutions  of  aromatic  nitro  compounds  in  sulfuric  acid  may  be  explained  by 
the  presence  of  compounds  of  the  type  Arh02  *  H2S0|^ 


O  ...  110  . 

Ar.\  SO,  I . 

o  .  no  ■  ’  . 

Compounds  of  t.his  type  must  iUSM  necessarily  undergo  slower  nitration. 

Gillespie  (litl.l'l)  regards  the  solution  of  organic  compounds  in  sulfuric 

acid  as  the  initial  chemical  process,  and  that  it  proceeds  in  accordance 

with  the .equation  indicated  above.  Spectroscopic  data  (Fitl.l62,  153)  make  it 

possi'le  to  conclude  that  the  complex  formation  of  nitro'  compounds  ends  when  the 
.  *  *  • 
s*:rer.gth  i^f  ‘he  Reduction  in  the  formation  of  tb;e  ArH  • 

achievable 

complex  or  of  its  cation  ArH*'  in  the  nitrating  mixture  is  JtSSliSHaBfKS  by  addition 

of  potassium  bisulfate  (KSO^j^”)  and  other  bases,  including  excess  nitric  acid 

('"ibl.lhS)  and  nitro  compounds  (t-irl.l37). 
existence 

However,  the  of  a  maximum  of  nitration  velocity  is  also  found  in 


compounds  not  subject  to  complex  formation  even  with  100%  sulfuric  acid.  Therefore, 


N.N,Voro8htiov  (Bibl.l6/t.)  holds  that  ths  rsduction  in  the  rsaetion  rats 
ehaagsovsr 

iMtMiimiM*  from  92$  sulfuric  acid  to  s  stronger  «oid  aajr  also  be  due  to  the 
change  in  the  nature  of  the  reaction  medimB  [the  change  in  the  reaction  rate  is 
s^etiaes  measurable  by  a  factor  of  hundreds  when  the  solvent  is  changed,  as  was 
noted  by  N.A,Men’shutkln  (Bibl.l65)]  a  long  time  ago'.  90$  sulfuric  acid  is 
ionized  to  a  considerable  degree,  but  anhydrous  is  ionized  little,  and  it  is  quite 
probable  that  this  change  in  the  nature  of  the  solvent  must  necessarily  result  in 
a  reduction  in  reaction  velocity. 

It  has  been  KlUQl  observed  that  compounds  that  are  not  subject  to  the  addition 
of  a  proton  .have  minimum  nitration  speed  in  100$  sulfurl c  acid .  This  speed 
increases  upon  addition  of  iSOUS  either  water  or  sulfuric  anhydride  to  the 
monohydrate.  At  the  same  time,  the  rate  of  reaction  in  fuming  sulfuric  acid  is 
lower  than  in  100$  sulfuric  acid  in  the  case  of  substances  fflCXX  capable  of  proton 
addition.  N.N, Vorozhtsov  (Bibl.l64)  sees  the  reason  for  this  in  the  greater  acid 
function  of  fuming  sulfuric  acid  and  in  the  higher  degree  of  ionization  of  organic 
substance  conditioned  by  this  fact. 

In  XM  introducing  corrections  into  the  degree  of  ionization,  and  in  confuting 

the  reaction  velocity  constants,  vrith  consideration  for  the  strength  only  of  the 
existence  of  a 

unionized  substance,  the/minimum  velocity  constant  in  100$  is  also  observed 

in  XX  other  substances. 

The  probable  explanation  for  the  minimum  reaction  yeloclty  in  100$  sulfuric 

dielectric  constant 

acid  lies  in  the  fact  that  the  nnMWHHWmWl  of  100$  H23O4  is  greater  than 
that  of  the  dilute  acid  and  of  fuadng  snlfurlo  acid  (idiioh  are  more  highly  ioaited 


than  la  tha  aonohTdrate).  Inaasmeh  aa  upon  nitration,  tha  foraatlon  of  iha 
tranalant  eoa^lax 


la  ralatad  to  the  distribution  of  the  charge  formerly  characteristic  of  the 
nitronium  ion  to  the  aromatic  ring,  it  follows/ that^in  accordance  with  the 
general  theory  of  the  effect  of  the  solvent,  the  velocity  of  this  type  of 
reaction  XX  to  increase  with^aduction  in  the  dielectric  constant  of  the 

.  .  h 

solvent  (Bibl.iii^). 

also  instances 

A.I<Titov  (Bibl.98)/eaplalns  XHHHHiXiXXXXX  of  this  type  by  the  effect  of 

the  composition  upon  the  dielectric  constants,  the,  solvating  properties  of  the 

medium,  and  other  factors,  while  simultaneously  holding  it  to  be  possible  that 

electron 

complexes  of  the  aromatic  compounds  may  bo  formed  with  XXIX XXXX  donor  particles, 
such  as  H2O,  NO^®,  as  well  as  the  possibility  of  conversion  thereof  into  anions. 
Conversion  of  aromatic  compounds  into  such  states  increases  their  activity  when 
subjected  to  nitrating  agents. 

A. I. Titov  explains  the  very  pronounced  Increase  in  nitration  spaed  >dien  water 
is  added  to  a  solution  of  XXX9  aromatic  acids  in  an  anhydrous  mixed  acid  by  tha 
coincidence  of  the  above  processes.  Substitution  of  a  medium  of  low  polarity  (CCl^) 
by  one  having  a  high  dissociative  capacity  (CH3NO2,  H2O}  greatly  accelerates  the 
reaction  with  the  nltro  phenols.  A, I. Titov  sees  the  cause  of  this  in  the  increase 
in  the  degree  of  ooaverelon  of  nitro  phenols  Into  electron  donor  anions  (Bibl.l03}> 
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b)  Hltr>tlo»  undT  Hfro«tH*ouB  Condltiona  (Blbl.iae) 


Under  industrial  conditions,  the  process  of  nitration  nozmlly  occurs  undar 
heterogeneous  conditions,  i.e.,  when  the  two  layers  are  present  -  an  organic  and 
an  acid  layer.  The  principles  of  U)  homogeneous  nitration^  examined  above ^  cannot 
be  applied  in  all  respects  to  heterogeneous  nitration.  The  reason  for  this  is 
the  fact  that  the  speed  of  heterogeneous  nitration  is  naturally  less  than  that 
of  homogeneous,  and  depends  upon  a  larger  number  of  factors. 

'  The  speed  of  homogeneous  nitration  depends,  as  we  know,  not  only  upon  the 
natirre  of  the  compound  being  nitrated,  but  upon  the  temperatiure  and  the 
canposition  of  the  nitrating  mixture,  vrtiich  is  a  function  of  two  independent 
variables,  Inasmuch  as  the  mixture  consists  of  the  following  con^onents:  sulfuric 
acid,  nitric  acid,  and  water.  Under  conditions  of  heterogeneous  nitration,  it. 
also  depends  upon  the  composition  of  the  organic  St  phase,  the  relative  IX  volume 
of  the  two  liquid  phases,  and  upon  the  method  and  degree  ,of  mixing.  Under 
heterogeneous  conditions,  it  is  necessary  to  make  clear  the  volume  of  each  phase 
and  the  phase  interface. 

The  complexity  of  the  problem  of  studying  reaction  velocity  in  a  system  having 

two  phases  lies  in  the  fact  that  the  reacting  components  may  be  distributed  among 

both  phases,  and  the  rate  of  reaction  in  each  phase  will  be  determined  by  the 
these 

concentration  of /components  therein.  The  reaction  may  also  proceed  at  the  phase 
Interface. 

Ibider  heterogeneous  conditions,  the  reaction  begins  and  proceeds,  to  some 
degree,  where  the  substances  of  the  different  phases  first  meet,  l.e.,  at  the 
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lnt«rfae«.  Th«  reacting  aubstaneaa  haw  to  i^roaoh  this  Intarfaea,  and  the 

reaction  products  must  bo  able  to  leave  It.  Coneequentlor,  in  the  general  oaaOf 

the  phen<»enon  of  diffusion,  and  methods  for  accelerating  it  are  of  considerable 

In^ortance  for  the  course  of  the  reaction  in  a  heterogeneous  medium.  The  rate  of 

tqaon  the 

conversion  therefore  depends  MjUUtXl  rate  at  which  the  reacting  substances  are 
transferred  from  the  different  phases  HI  to  the  reaction  zone,  upon  the  velocity 
cf  the  chemical  reaction,  and  upen  the  speed  with  vdilch  the  reaction  products  are 
removed  from  the  reaction  zone.  Moreover,  the  speed  of  the  total  process  of 
conversion  is  determined  by  the  speed  of  the  slowest  process  involved,  and  the 
overall  regularity  is  governed  to  a  greater  or  lesser  degree  by  the  relationship 
between  the  velocities  of  the  processes  constituting  the  whole. 

In  the  case  of  slow  reactions,  the  process  does  not  succeed  in  occurring  at 
the  Interface,  and  the  reaction  zone  expands  to  include  the  entire  volume  of  the 
phase  into  which  the  reacting  conponents  penetrate.  Where  reactions  of  this 
type  are  concerned,  the  area  of  the  interface  has  a  less  significant  effect  upon 
the  degree  of  conversion  than  does  the  volume  of  the  phase  in  which  the  reaction 
occurs.  In  this  situation,  agitation  serves  only  to  satwate  one  phase  with  the 
other. 

Readily  hitratable  substances  react  at  the  interface,  and  the  speed  of  this 
reaction  is  significantly  affected  by  the  size  of  the  surface,  which  is,  in  turn, 
frequently  governed  by  the  intensity  of  stirring. 

Substances  that  nitrate  with  difficulty  resust  chiefly  in  the  aold  layer, 
whereas  in  the  organic  li^er  the  reaction  velocity  is  quite  lew  (for  exnple,  in  the 


SI 


CM*  of  nltrobouEOM,  th«  nitration  Toloolty  and  tha  organic  layer  la  only 

ona  tenth  aa  great  as  that  in  tha  nlnaral  layer  (Bibl.128)].  Tha  loner  raaotion 

spaed  in^ganlc  layer  is  explained  by  the  fact  that  it  is  chiefly  nitric  acid 

that  goes  Into  this  layer.  As  we  know,  in  the  absence  of  sulfuric  acid,  this 

substance  has  a  lower  KUHR?  nitrating  capacity  than  otherwise. 

speed 

The  reaction/under  heterogeneous 
conditions  depends  upon  the  coiqposition  of 
the  acid  mixture  in  each  layer.  The  tenqserature 
dependence  of  the  speed  of  the  nitration  reaction 
under  heterogeneous  conditions  is  somewhat  lower 
than  under  hcmiogeneous  conditions.  Thus,  when 
temperature  is  increased  by  10°,  the  reaction 
speed  rises  by  less  than  100^.  This  latter 
fact  is  explained  by  the  fact  that,  under  the 
given  conditions,  the  velocity  of  the  process  is  determined  by  the  rate  of 
diffusion.  When  two  layers  are  present  (as  is  normally  the  case  IX  under 
industrial  conditions  in  nitration),  one  does  not  see  a  maximum  velocity  at  any 
particular  strength  of  sulfiu'ic  acid.  The  reaction  speed  (at  a  constant  nitric 
acid  strength)  is  approximately  directly  proportional  to  the  ratio 
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Fig.4  -  Dependence  of  Ratio  of 
N0;^/HN03  Concentration  to 
Strength  of  Sulfuric  Acid, 
Expressed  as  H20/H2SC/^  Ratio 


On  the  one  hand,  this  ratio  deteimines  the  solvent 

TiniimPnip*«XIHmiX1BHlpanBaW^^  opacity  of  the  acid  and. 


owiaaqaantly,  the  oonoentratlon  of  the  m  co^jouad  bolag  nitrated  in  the  mineral 
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phaa*  and,  on  tha  othar  hand.  It  govams  tha  coneantratlon  of  InaaMieh  at 

It  dapands  upon  tha  atrangth  of  the  fraa  H^SO^  (  not  bound  in  tha  fona  III  of 
H3C+  and  HSO4®). 

Tha  fact  that  there  is  no  velocity  maxintum  on  nitration  in  a  heterogeneous 

coneantratlon 

medium  Is  explained,  according  to  A.I. Titov,  by  the  fact  that  the  HHMMi|KK  of 

the  substance  being  nitrated  is  constant  and  by  the  relatively  smaller  losses 

thereof,  as  a  consequence  of  attachment  to  the  sulfuric  acid  in  an  inactive 

complex,  and  also  by  the  increase  in  the  solubility  of  the  substance  being 

nitrated  in  the  acid  layer,  where  the  reaction  chiefly  proceeds  idien  sulfuric 

acid  strength  is  increased.  Moreover,  in  a  TWXMWjlinBtlM  heterogeneous  process, 

usually 

relatively  more  HNO^  is  enployed  for  nitration  than  in  a  homogeneous. 

However,  increase  in  the  nitric  acid  content  in  strong  sulfuric  acid  leads  to 
increasing  the  content  of  the  NO;^  ions,  as  is  evident  frean  the  curve  in  Fig.4. 

cc.  ■  .  ■ 

I  Effect  of  Substitute  Groups  iipon  Velocity  and.Resxilt  of  Nitration 

The  nature  of  the  substance  being  nitrated  has  a  major  influence  upon  the 

nitration  reaction  velocity,  and  also  upon  the  composition  of  the  isomers  of  the 

nitro  compounds  resulting.  In  the  case  of  aromatic  conpounds,  this  effect  is 

determined  primarily  by  the  substitute  in  the  benzene  ring.  A  large  number 

groi9 

of  experiments  have  established  the  fact  that  the  new  substituting  SHHijW  enters 
the  aromatic  rjjig  in  a  position  determined  primarily  by  the  nature  of  the 
substituting  groups  already  present  in  the  ring,  and  is  governed  only  to  a  very 
small  degree  by  the  properties  of  the  new  substituting  groiq>.  It  has  baen 
found  that  substituting  geovept  present  in  beiaeas  guide  the  newly  entering 

e 
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•ubctltutlng  group  into  apoelflo  posltlona  with  rospoet  to  thMMOl'vos. 

GoUwan  dlTided  all  aubstituting  groins  Into  two  sorlM  and  arrangad  thaai 
with  IHtUK  each  of  tha  aarlaa  in  tanu  of  the  relative  capacity  to  govern  posltion« 
The  substituting  groups  guiding  the  new  aubstituting  groi^  into  the  ortho  or 
para  position  are  called  groins  of  the  first  order,  and  those  guiding  into  tha 
Bmta  position  are  called  second-order  groups.  Substitution  in  confounds  containing 
first-order  aubstituting  groups  usually  goes  more  readily  than  in  the  initial  IH 
(unsubstitutod)  IfWiyinffiinf  compound.  Contrariwise,  substitution  in  groups . containing 
the  meta-oriented  group  proceeds  with  greater  difficulty  than  in  the  initial 
conqjounds,  requiring  higher  temperature,  higher  reactance  strength^etc.  At  present, 
orientation  is  held  to  be  related  to  the  polarity  of  the  substituting  group  and 
that  of  the  reactant. 

Substituting  groups  of  the  first  type,  which  are  electron  donors,  increase 

para- 

the  electron  density  of  the  jtXMC  and'  ortho-carbon  atoms,  and'  considerably  increase 

their  reactivity.  The^secoivd  type  of  substituting  groups,  whiich  are  electron 

acceptors,  pull  electrons  away  from  other  carbon  atoms  in  the  benzene  ring,  and 

ortho- 

this  occiors  primarily  from  aixi  para-carbon  atoms,  with  substitution  pro'vlng 

possible  only  in  the  meta  position. 

The  usual  substitution  reactions  are  Induced  by  reactance  of  the 
electrophyl^ic  type.  From  this  it  follows  that  if  the  ring  has  a  substituting 
group  that  repels  electrons  -  an  electron  donor  -  it  will  activ^  the  benzene 
ring,  coanunlcating  a  negati-ve  ctuurge  to  the  carbon  atosis.  Contrariwise,  a 
•ubatitutlng  group  that  attracts  electrons  and  oowinicates  a  positive  ehaiys 
U 
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dMetivmte  •Imtnqshlllo 

to  tho  oafbon  atona,  will  ffOlVim  th«  ring  with  reapoet  to  th« 


reaotanco,  and  eonsaquantly  with  nispect  to  the  NO 


la  tha 

cation,  which  xm  nitrating 


agent. 


views, 

In  accordance  with  current  nitration  XX  falla  into  the  category  of 

electrophilic 

MlMXXWjmjHIiX  Bubstltutlon  reactions,  inasmuch  as  It  incorporates  an  attack  by 
electrophilic 

the  UXiQQQQQQEXXXX  residue  NO^  upon  an  £C  aromatic  ring,  which  may  be  escpressed 


by  the  general ■ equation 


ArH+NC^->  AfNOj  +  H®. 


electrophilic 

The  substitution  reaction  proceeds  in  two  stages.  In  the 

electrophilic 

'  first  stage,  the  gKiiiHfltapBgOfXM  reactance,  which  in  the  given  case  is  NO2'''  (having 

electrophilic 

a  nitrogen  atom  not  saturated  in  terms  of  coordination)  joins  the  anaaaHMyigrK'lt-lcg 


conpound  and  forms  a  transient  conqjlex  of  a  donor-acceptor  character.  In  the 


second  stage,  the  atom  of  hjdrogen  leaves  as  a  proton,  and  the.  electron  pair  is 


retained  by  the  aromatic  compound 


NO?+ArH NO,-Ar®-H: 

NOj  — Ar®— H-f  ->  Ar-NOj+HB®. 

It  is  assumed  that  the  liberation  of- the  proton  is  immediately  followed  by 
its  attachment  to  the  base  B.  However,  the  nitration  velocity  is  determine 
solely  by  the  speed  with  which  \he  XXXX  critical  conqjlex  is  formed. 

The  electron  density  of  individual  carbon  atoms  in  the  aromatic  ring,  which 
is  determined  by  the  presence  of  substitute  groups  in  this  ring,  governs  both 
the  orientation  of  the  nltro  group  entering  the  ring,  and  the  speed  \rith  which 
this  process  occurs.  Substitute  groups  in  the  ring  orient  the  nltro  greup. 
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affecting  tha  diraction  of  motion  of  tha  NO2®,  and  tha  dagraa  of  atab-lUty  of 
the  tranalent  comnlex  fomad. 

Table  6  shows  the  effect  of  substitute  groiq)8  In  the  benzene  ring  upon 
the  position  of  the  entering  nitro.grovqo  (Bibl.l66,  167).  It  is  evident  from 
this  that  the  amount  of  meta  isomer  increases  not  only  upon  introduction  of 
electrically  negative  substitute  groups,  but  upon  extension  of  the  side  chain. 


The  latter  has  a  particularly  sharp  influence  upon  the  relation  between  the 


ortho-  and  para-isomers.  With  increase  in  the  hydroc2u:bon  radical,  the  yield 


of  ortho-isomer  diminishes  due  to  the  increase  in  para- isomer  yield.  This 
phenomenon  may  perhaps  be  related  to  the  steric  effect  of  the  alkyl  groi^  upon 
substitution  in  the  ortho-position. 


Table  6. 


b) 

c) 

d) 

1 

—F 

12.4 

f) 

87.6 

—Cl 

30.1 

e  ^ 

1  69,9 

-Br 

37.6  I 

1 

62,4 

41 . 1 

• 

58,7 

-CHj 

58.8 

4,4 

1  36.8 

— CH,CI 

40,9 

4.2 

54,9 

-CHjCHs 

45.4 

6.5 

48,2 

30.0 

7.7 

62.3 

/CH, 

72.7 

-C-CH, 

15.8 

11.5 

\CH, 

— CHCla 

23,3 

38,8 

42,9 

“^Cl3 

6.8 

64,5 

28,7  1 

-COOCaH, 

28,3 

68,4 

3.3 

— COOH 

18,5 

80.2 

1.3 

— NOa 

6.4 

93,2 

0,25 

GrotQ)  in 

a)  n/riagt  b)  Isomr  contwit,  in  e)  Ortbe-;  d)  Meta-;  e)  Para-;  f)  Traees 


The  niles  goTfrnlng  th«  aubstltution  ar«  obviously  eondltlonsd  by  ths 


relationship  between  the  velocities  of  substitution  of  the  Individual  atoms  of 
carbon  in  the  benzene  derivative  ring.  In  unsubstituted  benzene,  all  the  six 
atoms  of  hydrogen  are  of  equal  importance,  and  vdien  the  first  substitute  group 
is  introduced  into  the  benzene,  each  of  the  hydrogen  atoms  must  necessarily 
undergo  substitution  at  the  same  speed  as  the  others,  i.e.,  six  parallel 
reactions  have  to  proceed  at  equal  speeds  in  benzene  substitution.  When  the 
second  substituting  group  is  introduced  into  the  singly-substituted  benzene 
derivative,  three  isomers  are  formed  (ortho-,  meta-,  and  para-)  as  the  consequence 
of  the  five  parallel  reactions  of  aromatic  attachment  (in  accordance  with  the 
number  of  hjnirogen  atoms  being  replaced)  with  the  substitution  reactant. 

Searing  in  mind  liie  fact  that  there  are  two  ortho-  and  two 
meta-positions,  of  equal  value,  and  one  para-position,  the  consequence  is  that 
only  three  isomers  are  formed,  and  the  relationship  between  the  quantities  of 
ortho-  (xq),  meta-  (x-^1  and  para-  (3^)  may  be  represented  by  the  following  eqmtlons 


Jfp  Kq  X  ^ 

m  Km  X 


’  2/Co  '•  2/Cni*  /Cp 


where  Kq,  and  Kp  are  the  velocity  constants  of  the  substitution  reaction  of 
the  corresponding  carbon  atoms.  If  <=  1^  >  Kp,  the  relationships  between  the 
quantities  of  the  isomers  will  be  °  2:2:1,  i.e.,  40^  ortho-  and  meta-lsooers 

each,  and  20$  para-isomer  should  be  formed.  However,  in  practice,  the  relationships 
between  the  isonsrs  foned  is  entirely  different.  Either  a  single  nsta-lsoasr  (with 


soBW  adaixture  of  ortho-  and  psra-lsoiasrs}  or  a  mixture  of  ortho-  and  para.-lsflMr 


(with  an  adalxtura  of  mata-isoMr)  is  foimd.  This  ralationahlp  indioataa  that 


there  Is  a  difference  in  the  velocity  constants  of  fomatlon  of  the  Indlvldnal 
Isomers. 

Determination  of  the  composition  of  the  mixture  of  Isomers  obtained  from 
the  various  benzene  derivatives,  as  well  as  determination  of  the  relationships 
betvreen  the  reaction  velocity  constants  of  substitution  of  the  benzene  derivatives 
make  it  possible  to  oon?3uto  the  relative  eubstitulion  speeds  of  the  individual 
carbon  atoms  in  those  benzene  derivatives.  Thus,  if  we  set  unity  as  the 
substitution  speed  of  one  atom  of  hydrogen,  we  obtain  the  following  substitution 
speeds  (their  values  are  entered  at  the  appropriate  positions  in  the  benzene 
ring)  in  toluene,  chlorobenzene,  and  the  ethyl  ester  of  benzoic  acid:  ’ 


CH, 

KY 

y 


Cl 


I 


COOC1H5 


These  figures  indicate  an  increase  in  the  substitution  speed  in  all  the 
particularly 

positions  of  the  toluene  ring, /pronounced  in  the  ortho-  and  para-positions  with 
respect  to  the  methyl  groi^.  At  the  same  time,  in  benzoic  ester,  substitution 
is  retarded  in  all  positions,  and  particularly  in  the  ortho-  and  para-positions 
with  respect  to  the  etherificated  carboxyl  group. 

When  confounds  lUfmg  are  nitrated  with  substitute  groins  of  type  two, 
containing  oxygen  (NO2;  SO^H;  CHO;  COOH),  with  predominance  meta  orientation, 
ths  ratio  of  the  ortho  to  the  para  is  usually  more  than  two  to  one,  or  else  ths 
velocity  of  nitration  in  the  ortho-position  is  greater  than  in  the  para-positien. 
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To  clarify  thia  jHliUmH  pheaaaanon,  the  hypothesla  has  bean  advanced  that  the 
formation  of  addition  product  In  ortho-position  facilitates  the  attraction  of 
a  positively  charged  nitrogen  atom  of  the  nitroniun  cation  by  a  negative  recharged 
atom  of  ojcygen  in  the  ring  of  the  substitute  group. 

The  difference  between  the  XXZXnXjQE  velocity  constants  of  formation  of 
the  various  isomers  may  be  determined  in  the  general  case  as  the  difference 
between  factors  independent  of  temperature,  and  as  the  difference  in  the 
energies  of  activation.  It  has  been  determined  by  experiments  that  upon 
substitution  in  the  aromatic  series  it  is  a  rule  that  the  SUOOSl  difference  in 
the  reaction  velocity  of  formation  of  the  individual  isomers  is  determined  only 
by  the  difference  in  the  energies  of  activation.  Temperature- independent  factors 
in  the  velocity  constants  of  substitution  in  the  various  positions  with  respect 
to  the  substituting  group  KXX  are  virtually,  identical. 

For  example,  in  the  nitration  of  toluene,  the  energy  of  activation  of 
substitution  in  the  meta-position  is  highest,  and  lowest  is  that  in  the 
para-position  with  respect  to  the  methyl  group.  The  difference  in  the  energies 
of  activation  and  the  various  positions  of  the  toluene  ring  is  determined  by 
the  ratios: 

<«/:  e^«^-i36  esi, 

A  necessary  consequence  of  the  differences  in  the  activation  energies  of 
substitution  in  the  various  positions  (with  respect  to  the  substituting  group 
already  present  in  the  ring)  is  the  change  in  the  relationship  of  the  velocity 
constants  of  fomation,  and  consequently  of  the  quantltlos  of  various  isoMsrs 
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upon  change  in  the  teaperature  of  eubetltution.  The  Isomer  having  the  »■****» 

lowest  velocity  of  formation  viill  be  formed  In  the  relatively  greatest  quantity 

tri-th  increase  In  temperature  (Blbl.l64)« 

In  his-etudioo,  A. I. Titov  (Bibl.98)  notes  the  parallelism  between  the 

influence  of.  substitute  groups  upon  the  heat  effect  of  the  nitration  reaction 

amd  upon  velocity  of  this  reaction. • 

Martinsen  (Bibl.158)  XXM2XM  studied  the  influence  pf  substitute  groups 

on  the  nitration  velocity  constant  and  detemined  that  there  is  a  sequence  of 

values 

position  of  the  substitute  groups  in  the  corresponding  series*  The  MiytTOBnnt 

constants 

of  the  nitration  velocity  jflSflOflStK  of  various  aromatic  compounds  and  of  their 
nitro  SX  derivatives,  due  to  Martinsen,  are  presented  in  Table  ?•  . 

On  ^s«sl.s  of  on  th'S  n&'wiixnv  c*  upon 

nitration  reaction  velocity,  the  substitute  groups  may  be  arranged ' in  the 
following  order: 

NO,  >  SO,H  >  COOH  >  Cl  <  CH,  <  OCH,  <  OC,H,  <  OH. 

wherein 

XM  the  groups  to  the  right  of  chlorine  accelerate  the  reaction.  Moreover,  this 
acceleration  is  the  greater,  the  farther  to  the  right  their  location.  Those  to 
the  left  of  chlorine  inhibit  the  reaction. 

Later  investigations  along  these  lines  confirmed  the  validity  of  Martinsen’s 
theories  (BiH.l68,  169)  but  also  revealed  a  ntmber  of  exceptions  testifying  to 
the  coiqplex  relationship  existing  between  reaction  velocity  and  the  effects  of 
substitute  groups  in  orientation.  Thus,  only  groups  having  a  powerful  effect  in 
orienting  to  meta-position  are  entirely  subject  to  the  rule  and  very  strongly 
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inhibit  th«  react ion. 


A  significant  influence  i^on  the  direction  of  the  nitro  group  entering  the 

the 

ring  is  brought  to  bear  by  the  strength  cf/sulfurie  acid  employed  in  nitration 
(Bibl.170),  by  the  nitration  catalyst  (boron  fluoride,  Bibl.l7l),  aixi  also  by 
the  substitute  groups  in  the  side  chain.  According  to  Urbanski  (Bibl.172),  weak 
nitric  acid  (1+5%  ^^03)  nitrates  phenylnitromethane  to  the  meta-nitro  derivative, 
while,  as  we  know,  nitration  of  toluene  under,  the  same  conditions  yields  the 
ortHo-  and  para-nitro  derivatives. 


Table  7 


.  Substance  Being  Nitrated 

At  K25® 

At  II350 

Nitrobenzene  C^H5N02 

Meta-dlnitrobenzene  051^4(^02)2 

Benzene  sulfonic  acid  C5H5SO3H 

0 

Meta-nitrobenzene  -sulfonic  acid  C5H4(N02)(303H) 

26 

1  “ 

Benzoic  acid  C5H3COOH 

0 

1  ~ 

Ortho-nitrobenzoic  acid  C5H4(N02)(C00H) 

100 

Meta-nitro  benzoic  acid  C6t(4(N02)(C00H) 

0|OOOOd 

0,0000^ 

Para-nitrobenzoic  acid  C5H4(N02)(C00H) 

0,000009 

mm- 

2,4-dinitrotoluene  C5H3(CH3).(N02)2 

— 

0,000043  .  • 

2,4-dlnitrometaxylene  05112(0113)2(1102)2 

0,004 

0,013 

2 ,  /f-dinitromesi'tylene  0511(0113  )j(,  NO2)  2 

7 

mm 

Ortho-chloronitrobenzen  C5H401(N02) 

0,39 

1,23 

Meta-chloronitrobenzone  C5il4Cl(N02) 

0,18 

0.47 

Para-.c  hloronitrobanz  ene  C5H40l(N02) 

0,17 

— 

2,4-dinitroanisole  05113(00113) (N02)2 

0,65  - 

— 

2,4-dinitrophenetolo  05113(00285) (N02)2  , 

0,85 

2,4-dinitrophenol  05113(011)  (802)2  [ 

The  introduction  of  a  second  nitro  group  into  the  phenylnitromethane  ring 

tmiircili 

(Bibl.173)  occurs  only  ItX  under  the  effect  of  strong  mixed  acid  (50^  HNO3  and 
50?  H2SO4)  at  65°C. 

The  chemical  activity  of  the  aromatic  confound  and  the  orientation  vpoa  ■ 
also 

nitration/depend,  according  to  studies  by  A. I. Titov  (Bibl.98,  1G3)  i9)on  the 
form  in  which  they  enter  into  the  reaction  period.  For  emple,  for  phenol*. 


th«««  fonu  may  bei 


AtdHf;  Ar-^/“  ;  ArOH;  ArOH;  OR,;  ArO. 

^BF, 

Activity  in  this  series  will  rise  from  left  to  right,  whereas  for  the 
cation  and  complex  containing  BF^,  the  orientation  will  be  entirely  different 
(Bibl.171). 

The  influence  of  substitute  groups  in  the  benzene  ring  indicates  that  the 

conditions  of  nitration  of  different  compounds  have  to  be  different.  This  is 

reflected  primarily  upon  the  con^iosition  of  the  acid  mixtures  employed.  Stronger 

groups 

acid  mixtures  have  to  be  used  as  tending  to  inhibit  nitration  are 

introduce!  into  the  compound.  Thus,  when  toluene  is  nitrated  to  mononitrotoluene, 
the  sulfxu’ic  acid  must  be  of  no  loss  than  70  or  1'2$>  strength,  whereas  in  nitration 
of  mononitrotoluene  to  dinitrotoluene  it  must  not  be  lower  than  80  -82%,  and  in 
nitration  of  dinitrotoluene  it  must  be  not  lower  than  87  -  90^.  When  the  strength 
of  the  sulfvurlc  acid  is  reduced  below  these  limits,  the  nitration  reaction  does 
not  occur  at  all,  for  all  practical  purposes. 

A  significant  effect  upon  the  nitration  reaction  is  exercised  by  the  nature 
of  the  attacking  agent,  reaction  conditions  such  as  the  medium  (Bibl.174),  the 
ten^erature,  and  XKi  other  factors. 

Depending  tq>on  the  nature  of  the  attacking  reactant,  and  also  upon  the 
factors  indicated,  the  molecules  of  certain  substances  may  OX  manifest  cither 
eleotron  donor  or  eleotron  aooeptor  properties.  Usually  this  maaifostatlon  of  tho 
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mutual  Influeno*  of  tho  atcns, which  affocta  the  eueoeptiblllty  to  redlatrlbutioa 


of  electron  density,  occurs  at  the  moment  of  chemical  reaction  and  Is  termed 
dynamic.  Dynamic  Influence  in  the  molecule  is  transmitted  by  the  sasw  methods 
as  is  static  influence,  i.e.,  by  a  chain  of  single  bonds  -  as  inductive  influence, 
or  by  a  conjugate  chain  -  as  the  effect  of  conjugation. 

Tho  dynamic  redistribution  of  electron  density  under  the  influence  of  these 
factors  may  have  as  consequence  a  change  in  orientation.  For  example,  we  know 
that  temperatiure  (Bibl.175)  affects  the  relationship  between  tho  resultant  isomers, 
•as  does  the  medium  in  which. the  reaction  occurs  (Bibl.176).  An  Increase  in 
temperature  upon  nitration  of  toluene  carries  with  it  an  increase  in  the  yield 
of  the  meta-mononitrotoluene,  formation  of  which  should  not  occur,  as  tho  CH^  group, 
which  is  an  electron  donor,  reinforces  the  electron  Si  density  of  the  ortho-  and 
para-carbon  atoms,  and  thus  orients  the  entry  of  the  NO2*  cation  into  the 

ortho-  and  para-positions. 

Brown  (Bibl.177)  in  a  study  of  the  toluene  substitution  reaction,  introduced 
tho  idea  of  the  UOX  existence  of  -/arious  degrees  of  "activity"  of  the  attacking 
particles,  upon  which  there  depends  the  relationship  along  tho  isomers  formed.  This 
relationship  frequently  runs  counter  to  the  orientation  determined  by  the  substitute 
groups  already  present. 

Influence  of  the  nature  of  the  nitrating  agent  upon  the  chemical  activity  and 
orientation  has  been  revealed  by  A, I. Titov  (Bibl.83,  98).  Nitration  begins  with 
co^ilex  formations  as  a  consequence  of  the  introduction  of  an  electrophilic 
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atoa  of  nltrogon  of  the  nitrating  agents  Into  region  II  of  the  electrons  of 
the  ring  in  accordance  with  the  mechanism 

ArH + NO,  Ar-«  HAr*^  -  — .  NO,  AT**. 

The  formation  of  these  complexes  Is  accompanied  by  the  appearance  of  a  tint, 
the  stability  and  depth  of  >rtilch  Is  proportional  to  the  readiness  with  which 
the  corresponding  aromatic  compound  ArH  is  nitrated  (the  coloration  of  the 
complexes  becomes  deeper,  from  colorless  to  ruby  rod,  in  the  following  sequence: 
benzene,  naphthalene,  anthracene). 

The  capacity  of  oxygen  con^jounds  of  nitrogen  NO2X  and  NOX  to  undergo  conqslex 
formation  and  the  nitration  reaction  has  to  be  determined  both  by  the  degree 
at  which  they  are  electrophilic,  and  by  the  degree  to  which  the  N  atom  is  not 
sSLv wirCi.twd  ii*  tsras  of  coci*dihs.t.ion.  In  £n  idsnticsl  cooii^iina.'tion  nunib^Py  t-h*? 
activity  is  determined  by  the  electrophilicity,  and  the  most  active  will  be  the 
free  nitronium  cation  0=N=0  solvation  greatly  reduces  its  activity.  A. I. Titov 
explains  the  reduction  in  the  selectivity  of  the  nitro  group  entering  the  ring, 
upon  increase  in  tenperature,  by  reauction  in  solvation  of  the 

nltroniim  cation.  The  maximum  activity  will  be  XHIjHlOnt  displayed  by  NO2''’  in  the 
gas  phase,  when  it  reacts  exceedingly  rapidly  and  in  all  positions,  and  is  not 
subject  to  the  usual  rules  of  orientation. 

D.  Effect  of  Temperature  upon  Nitration  Reaction  Velocity 

Tesperature  is  an  important  factor  in  nitration.  With  increase  in  toiperature, 
the  nitration  reaction  velocity  rises,  as  is  clearly  evident  fros  the  data  in 
Table  8.  The  tasperature  coefficient  of  the  nitration  velocity  constant  is 

9U 


approxlaately  thr«e,  l.a.,  a  10°C  change  in  te^>erature  is  aeoom>anled  by 
threefold 

XlBDCCCKIl  Inoreue  In  reaction  veloclty*^. 

Table  8 


0) 

Xw 

IC|r 

.  b) 

0,013 

0,004 

3,35 

i) 

0.47 

0,18 

2.61 

d) 

1.33 

0,38 

3.IS 

a)  Substance;  b)  4,6-dinitrometa3(ylene;  c)  KiX  Para-chloronitrobenzeno; 
d)  Meta-ohloronitrobenzene 


Nitration  is,  as  a  rule,  accompanied  by  oxidation,  and  the  velocity  of  this 
reaction  varies  IM  with  temperature  in  approximately  the  same  way  as  the  velocity 
of  the  nitration  reaction.  However,  the  oxidation  reaction  demonstrates  a 
peculiarity  in  that  the  oxidation  products  -  nitrogen  oxide  -  usually  accelerate 
it,  and  therefore,  as  they  pile  up,  the  oxidation  velocity  rises  progressively. 
Inasmuch  as  the  nitration  reaction  is  exothermic 
(the  amount  of  heat  emitted  upon  the  entry  of  a  single  nitro  group  is  36.4  - 
36.6  kcal/g-mole  and,  moreover,  heat  of  hydration  is  emitted),  therefore,  on  the 

m _ : _ - 

*  Table  8  was  con^piled  by  Martinsen  (Bibl.158)  for  homogeneous  nitration  conditions 
Upon  nitration  in  heterogeneous  conditions,  the  teD9>erature  coefficient  of  the 
nitration  velocity  of  the  substances  illustrated  in  the  Table  is  lower  as,  under 
these  conditions,  the  process  governing  the  nitration  rate  will  be  the  process 


of  diffusion 


one  hand,  it  Is  necessary.  In  a  nuiaber  of  oases  of  nitration,  to  have  reootorse 


to  external  cooling  of  the  apparatus,  and  on  the  UMBM  other  hand  to  ^ply  a 
continuous  addition  of  nitrating  mixture  to  the  substance  being  nitrated. 

For  each  compound  and  particular  composition  of  the  mixed  acids,  there  is 
an  optimum  temperatvire,  above  which  the  oxidizing  processes  begin  to  go  at  a 
higher  velocity,,  resulting  in  reduced  yield  of  the  substance  produced,  and  which 
may  even  be  the  cause  of  an  ejqslosion  or  flare  up  if  velocity  proceeds  to  too 
high  a  level.  In ‘accordance' with  the  introduction  of  electrically  negative 
substitute  groups  (SO^H;  NO2;  Cl)  into,  the  hydrocarbon  molecule,  the  compounds 
become  more  etable  in  terms  of  processes  of  oxidation  (the  reaction  capacity  of 
the  substances),  and  therefore  nitration  thereof  may  be  performed  at  a  higher 
temperature.  Kowovsr,  the  presence  in  tho  hydrocarbon  of  slsctrioally  positive 
substitute  groups  (CH^;.  NH^;  C2H5). is- the  .cause  of  the  higher  reactivity  of  these 
compounds ,.  and  consequently  of  their  ready  oxidizability.  Compounds  of  this  kind 
not  only,  must  not  be  nitrated  at'  high  temperature,  but  sometimes  it  is  necessfiUTy, 
in  order  to  reduce  reactivity,  first,  .to  introduce  into  the  molecule  an  electrically 
negative  substitute  group  such  as  50oH,  and  only  then  to  proceed  to  nitrate. 

As  is  evident  from  the  foregoing,  the  t'jmperature  conditions  of  the  nitration 
reaction  have  a  major  effect  upon  the  behavior  and  results  of  tho  nitration  reaction, 
and  therefore  require  careful  control  and  regvilation. 


E,  Side  Reactions 


Accoigpan.Ylng  Nitration 


The  yield  of  nitration  products  is  90  -  95!^  of  the  theoretical,  but  not 
inArequently  it  is  considerably  Isss  than  this.  This  is  dno  to  the  fact  that  ths 


nitration  roaetion  is  acoooqsaniad  by  othar  proensM,  tha  Boat  iaportant  of  iriiieh 

la  oxidation,  which  raaulta  either  in  the  fomation  of  produeta  that  are  diaaolvad 

with  con^arative  eaaa  in  tha  spent  acida  and  water  (aubatanoea  containing  tha  COOK, 
or 

D  OH  grotips),  O  even  to  fonnation  of  gaseous  products  of  con^jlete  oxidation. 

Thus,  for  example,  in  the  nitration  of  toluene,  the  nitro  derivatives  of 

the*  tetranltronsthane 

benzoic  acid  the  destruction  product  of/benzene  ring  -  ilii  *- 

are  always  formed.  In  the  nitration  of  naphthalene,  there  is  formed  not  only  the 

nitration  products  but  dinitronaphthol  (from  0.5  to  3.5^)  (Bibl.178).  In  the 

nitration  of  benzene,  the  formation  of  nitrophenols,  and  even  of  styphnic  acid 

(2,4,6-trinitroresorcine) 'XX  has  been  observed  (Bibl.179).  In  the  nitration  of 

the  sulfate  salt  of  dimethylaniline,  one  also  observes  the  formation  of 

2,4, 6-trinitro-3-o3!yphonyl-N-methylnitroamine , 

The  mechanism  of  formation  of  products  containing  the  OH  group  is  not  ccmpletely 

clear.  It  is  held  that  the  entry  of  oxy  groups  into  the  oonqjound  occurs  at  the 

outset  in  accordance  with  the  usual  laws  of  substitution,  followed  by  nitration  ■ 

of  the  oxy  conqjound.  The  oxy  group  is  fonned  by  reaction  not  of  the  nitrogen  of 

the  nitrating  agents,  but  of  its  oxygen,  with  the  aromatic  compoxuxl,  -in  accordance 

with  the  following  mechanism  (Bibl.98,  178) 

ArH  +  OHNOj  -  ArOH  +  HNO,. 

confounds 

The  oxy  formed  may  be  subjected  to  nitration,  in  which  case  the  NO2 

group  is  directed  into  the  ortho-position  relative  to  the  OH  group.  The  number  of 
side  products  of  oxidation  xiicreases  with  increase  in  the  sulfuric  acid  content  of 


the  nitro  mixture 


According  to  A.l. Titov  (Bibl.98),  oxidation  in  thf  nitrating  nixtura  Mjr 

also  proceed  aaeaagw  via  the  nitroninm  cation.  Inasmuch  as  in  the  nltronluB 
0  peri-bond 

cation  the  electrons  of  the  ZGQXBBI  are  considerably  displaced  toward 

nitrogen 

the  cationoidal  atom  of  nitrogen,  the  dSipS  atoms  must  also  be  strongly 

electrophilic  in  nature.  Therefore,  the  attack  by  NOg®  upon  the  aromatic  ring 

those 

may  be  performed  either  by  the  nitrogen  atoms  or  by  XSXX  of  oxygen: 


Ar-H  +  0**iA-0- 


r  T 

A,/  _Ar-0-N-0  +  H* 

^NOj- 


The  aryl  nitrate  thus  formed  KWnRflRni  converts  to  phenol: 

Ar  _  O  -  N  -  O  +  ArOH  +  NO^, 

which  is  converted  by  .the  nitrating  mixture  into  polynitrophenol. 

Formation  of  oxy  compounds  may  also  proceed  from  the  stage  of  a  nitroso' 
conpound,  yKOTmi  derived  from  the  aromatic  oonpoxmd  upon  reaction  therewith  of 
XKKXMXXSittiK  the  nitrosyl  cation  (NO®)  or  of  a  group  lOBOCX  containing  it,  such 
as  nitrosyl  sulfuric  acid  (0=N-0S0^H)  hyxtHiiXAIHgl  or  the  nitrosyl  nitrate  form 
of  nitrogen  dioxide  0»N—0— .  by  the  mechanism 

ArH+O-N-O-N^^-r  ArNO + HNO,. 

The  nitroso  conpound  may,  further,  under  conditions  of  nitration  in  reaction 
with  nitrogen  oxide  pass  through  the  stage  of  a  dlazo  coepound  to  an  oxy  eo^Mundt 
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ArNO.».2NO ArN-NNOrf 
AfN  •  NNO,+ H^O  -  ArOH+HNO*+ 
ArNO+ 2NO  ->  ArN-NNO^ 
ArN-NNO,+ H,0  -  ArOH  +  HNO,+N|. 

and,  upon  reaction  with  nitric  acid,  form  para-nitrophenol: 


NO 

NO 

/\ 

1  l+HNO,-^ 

1  |.+hno, 

•\/  • 

\/ 

OH 

NO 

NO, 

/\ 

/\ 

1  +HNO,-^ 

1  +HNO,, 

\/ 

\/ 

OH 

OH 

Then  the  phenols,  as  well  as  the  para-nitrophenols  undergo  nitration  to 


the  pol^'T’.'itro  comnoiinds  (Rlhl  .70,  7l)s  T’hus,  dn  ancordanee  with  tb*  iriewg' 

is  facilitated  by 

of  A. I. Titov,  entry  of  the  oxy  group  into  the  ring  XXSXXmxXiXiaai  the  Jjresence 


of  nitrogen  oxides  in  the  nitrating  mixture. 


The  oxidizing  processes  are  frequently  so  considerable  that  the  consun^tion 


of  nitric  acid  therein  often  attains  180  -  200^  of  that  theoretically  required  for 


nitration.  The  oxidation  process  is  accon^janied  “by  the  formation ’of  nitrogen 


oxides  which,  as  already  indicated, '  react  with  the  con5)ound  undergoing  nitration. 


converting  it  into  a  nltroxy  con?>ound.  Moreover,  in  the  ni-tratlon  of  a  number  of 


aromatic  confounds,  the  nitrogen  oxides  diminish  the  velocity  of  this 


reaction  (Bibl.156),  due  to  two  processes:  reduction  of  the  strength  of  the  sulfuric 


acid 

HNO,  +  2H,S04:^  NO*+  2HSOf +H,0® 
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and  raduotlon  of  the  strength  of  the  nitric  acid 

HNO,  +  HNO,  2NO,  +  H,0. 

In  the  cadte  of  strong  oxidizing  processes,  as  a  conseqaenoe  of  idileh  a 
considerable  amount  of  nitrogen  oxides  are  formed,  nitration  is  substantlalljr 
inhibited  by  this  side  reaction.  However,  the  nitration  of  aromatic  amines  and 
phenols  is  promoted  by  nitrogen  oxides,  and  thus  the  side  reaction  (oxidation), 
leading  to.  formation  of  nitrogen  oxides-  is,  in  the  given  instance,  the  cause  of 
positive  catalysis.  .  _  . 

Tlie  catalytic  effects  of  nitrous  oxide  is  explained  '(Bibl.180)  by  the 
presence  of  a  nitrosification  reaction  yielding  nitroso- compounds  which  ars  then 
oxidized  .to  nitro  compoxinls.  Nitrosification  is  induced  by  the  nitrosyl  cation  NO'*' 
or  N20/^.  Although  the  latter  are  less  active,  the  concentration  thereof  is 
"considerably  higher. 

The  nitrosyl  cation  is  ja.  considerably  weaker  electrophilic  reactance  than 

is  the  nitronium  cation  NO2.  Therefore,  it’  is  only  able  to'  attack  highly  reactive 

aromatic  conq^ounds  (such  as  the  amines,  phenols,  phenol  esters,  etc.),  and 

therefore  it  is  .only  the  nitration  of  these  conqjounds  that  is  promoted  by  nitrous 

*  « 

acid.  .  ■ 

In  some  cases,  the  formation  of  products  XKBX  containing  the  nitroso  group 
has  been  observed  in  nitration.  Thus,  in  the  nitration  of  toluene  to  trinitrotoluene, 
the  fonnatlon  of  the  dimer  of  dinltro-nitrosobenzolo  acid  occurs.  It  is  held  that 
this  ooiEq)Ound  results  from  the  oxidation,  by  nitric  acid,  of  the  ssethyl  grotq)  to 
an  aldehjds  group,  and  subsequently,  in  the  absence  of  nitrlo  acid,  by  the 
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oxidation  of  tho  IHIaiy*  aldahTdo  groiqs  .0  the  oarbojgrl  groap,  thia  oootirring  O 


at  the  expense  of  the  nltro  group  in  the  given  aoleoule  (Bibl.181):: 


^0 

C-H 


I  I  ‘in  prnitnet 
\  /  HjS04 

NO, 


o7 


COOH  COOHi 

_  O.Np|-N<°>N-p|NO, 


NO, 
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In  the  nitration  of  aromatic  hydrocarbons  under  certain  circumstancoB, 
the  entire  mass  is  observed  to  become  darker,  resulting  sometimes  in  the  appearance 
of  a  flaky  black  deposit.  The  degree  of  aildCS  darkening  and  the  subsequent 

development  of  the  process  is  far  from  identical  in  all  instances.  Sometimes 
the  process  is  exceedingly  vigorous,  and  the  reaction  mass  begins  to  fume,  and  this 
not  infrequently  results  in  e^qjulsion  of  nitro  mass  from  the  apparatus. 

The  formation  of  a  black  side  product  upon  the  nitration  of  benzene  was 
first  described  by  Battegay  (Bibi.57),  who  observed  this  in  nitration  by  nitric 
oxides  in  a  sulfuric  acid  medium,  and  who  drew  attention  to  the  dark  and  rather 
stable  coloration  of  the  spent  acids.  ’^Is^pearance  of  the  colors  set  in  only 
upon  addition  of  water  or  nitric  acid.  Battegay  assumed  that  the  colored  product 
is  the  cmoplex  consisting  of  benzene,  nltrosyl  sulfuric,  and  sulfuric  acids t 

.  .KNSOjH.  .  .2H1SO4. 

According  to  a  study  by  Ts.Iu.Orlo'vs  and  S*S«BaMnova  (Bibl.lBZ),  tolusns^ 
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luxlm*  th«(s«  oonditloni,  yiaLi*  a  o(»q>lax  of  tha  following  eoapoaitioni 

QHiCHi-fONOSO^'SH^Oi. 

the  fornation  of  trtilch  facilitates  an  increase  in  the  strmgth  of  the  mixed  aeid, 

an  Increase  In  tenQ3erat\n‘e,  an  increase  in  the  content  of  nitric  oxides,  and  a 

reduction  in  the  strength  of  the  nitro  cocnpounds. 

Formation  of  the  complex  proceeds  in  two  stages:  darkening  and,  subsequei  ^ly, 

fo£jning,  as  teu^jerature' increases,  leading  to  the  appearance  of  a  black  deposit, 

usually  resinous.  This  oon^jlex  is  capable  of  being  broken  up  by  nitric  acid.  The 

stronger  the  acid  mixture,  the  more  readily  this  process  will  occur.  In  a  weak- 

acid  mixture,  the  complex  does  not  undergo  destruction  SX  even  when  there  is  a 
large 

TmfglOt  excess  of  nitric  acid.  Consequently,  destruction  of  the  con^slex  can  be 
performed  only  by  the  nitrating  form  of  nitric  acid.  Thus,  the  process  of 
destruction  of  the  con^lex  of  nitric  acid  resolves  itself  to  a  process  of 
nitration  of  the  hydrocarbon  bound  in  the  complex. 

In  order  to  avoid  formation  of  a  complex  upon  nitration  of  the  aromatic 
hydrocarbon  by  mixed  acid,  it  is  necessary  to  eliminate  the  possibility  that  the 
hydrocarbon  will  ccane  into  contact  with  the  spent  acid  free  of  nitric  acid. 
However,  if  such  conditions  do  arise  iuid  a  complex  is  formed,  steps  must  be 
taken  immediately  to  destroy  it.  The  work  of  lo.Tu. Orlova  and  S.S.Romanova  showed 
that  destruction  of  the  toluene  complex  should  be  performed  at  a  teii9)erature  of 
40  -  50°C.  At  this  temperature  the  rate  of  destruction  of  the  coo^jlex  is  higher 
than  the  speed  at  >d>ich  it  is  farmed.  When  the  nitro  mass  darkens  and  the  ooi^lex 
has  not  yet  been  broken,  tos^ierature  must  not  be  permitted  to  rite  (speolflsally. 
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in  th«  0M«  of  toluana,  abova  65°C).  Otharwisa,  foagdag  will  bagla,  and  thla 
will  rasult  in  tha  formation  of  an  BfcWjmitfca  aaorphoua  brown  subatanea.  Tha 
initial  staga  of  nitration  la  partletilarly  dangarons  in  tarma  of  tha  poaalbillty 
of  coiq3lax  formation.  later,  aa  tha  hydrocarbon  la  tranaformad  into  tha  nltro 
confound,  this  latter  Inhibita  the  foimfation  of  the  cosqjlex. 

\ 

Con?)lex  con^jounda  of  hydrocarbons  with  nitrosyl  sulfuric  acid  are  readily 

oxidized  and  resinified,  as  not^  above,  particularly  at  elevated  ten^erature. 

The  velocity  of  oxidation  and  resinification  of  the  hydrocarbon  is  affected  by 

its  temperature.  Benzene  is  most  stable  thereto.  However,  its  homologa  having 
substitute  groups 

electrically  positive  gMSiXlBiSiig  are  less  stable  and  oxidize  at  high  velocity. 

The  stability  of  the  hydrocarbon  is  the  lower,  the  greater  the  nvimber  of 
substitute  groups  of  this  type  in  the  benzene  ring.  The  number  of  substitute 
groups  being  equal,  the  hydrocarbon  iUUU  oxidizes  the  more  rapidly,  the  lower 
is  the  chain  of  substitute  groups.  For  example,  ethyl  benzene  oxidizes  more 
readily  than  dees  toluene. 

54  The  niimber  of  substitute  groups  being  equal,  oxidation  velocity  depends  upon 

the  relative  position  of  the  substitute  groups.  Those  hydrocarbons  oxidize  most 
readily  whose  substitute  groi5>s  are  in  the  ortho-position  with  respect  to  each 
other)  oxidation  is  more  difficult  where  the  para-position  obtains,  and  the 
meta-substltuted  are  the  most  stable.  Thus,  of  the  three  xylenes,  it 
is  ortho-xylene  in  the  trixwthylbenzene  series  that  oxidizes  most  rapidly. 

PseoloouMae  exldisee  most  readily,  whereas  maaitylene  oxldlsea  with  greater 

( ; 

difficulty. 


103 


CHAPTER  in 


nwinnuKiiBEiT  . 

NITRATION  FLCW  SHEET 

A.  Factors  Oovmlng  tha  Nitration  Flow  Sheet 

The  optlstum  conditions  for  the  production  processes  are  determined  by  the 
|DQB[  physical-chemical  properties  of  the  substances  participating  in  the  various 
stages  of  the  chemical  XiHttiHUr  transformations.  These  properties  are  basic  to  ; 
the  choice  of  the  condition  to  bo  maintained  in  the  production  unit,  and  the 
relationship  among  reactants,  temperature,  pressure,  duration,  the  need  for  and 
possibility  of  employment  of  solvents,  catalysts,  etc. 

The  production  processes  involved  in  the  synthesis  of  high  e35)losives  are 
carried  out  under  various  temperature  conditions  and  common  conditions  for  the 
reactants.  In  the  majority  of  cases  they  are  performed  in  liquid  media  (in  a 
single  liquid  phase,  in  a  rndjctTire  of  two  liquid  phases,  by  reaction  between 
liquid  and  gas,  or  between  liquid  and  a  pulverized  solid),  and  this  facilitates 
the  decision  and  sinqjlifies  the  design  of  the  apparatus. 

The  basic  process  in  high  ejq^losives  synthesis  -  nitration  -  is  accompanied 
by  the  emission  of  a  considerable  amount  of  heat  due  to  the  exothermic  natxire  of 
the  reactions  occuridng:  BUHHLtlEf  nitration,  hydration,  and  not  infrequently, 
oxidation.  Therefore,  as  the  process  is  usually  conducted,  if  provision  for 
withdrawal  of  heat  is  lacking,  the  teeqjerature  of  the  reaction  mass  rises  to  a 
spaelfie  Isrsl,  where<q>cn,  as  the  reaction  velocity  diminishes,  heatlag  disri wishes 

10l^ 


end  the  twpcretnr*  begins  to  drop* 

I 

Inasmuch  as  nitration  proossds  under  specific  tmqierature  conditions 
governed  bjr  the  properties  of  the  substances  participating  in  the  process,  this 
toiperature  la  maintained  at  the  outset  by  cooling  and  toward  the  end  by  heating 
the  reaction  mass.  Violation  of  the  tenqserature  conditions  of  the  process  may 
result  in  decoiqsoaltion  of  the  nltro  product,  often  ending  In  a  Xlfil  flare  up 
or  explosion.  A. flare  up  or  e^^ilosion  is  frequently  the  consequence  of  violation 
of  the  flow  sheet  and  Inability  to  determine  in  time  the  reasons  for  a  sudden 
rise  in  temperature. 

It  must  be  borne  in  mind  that  explosives  are  dangerous  only  under  specific 
conditions..  The  job  of  the  technician  is  to  be  able  to  prevent  these  conditions 
developing  under  industrial  circumstances. 

The  nitration  flow  sheet  should  be  such  as  to  assure  MX  maxhaum  output  and 

efficiency,  i.e.,  maximum  yield  of  the  final  product  per  unit  of  raw  material. 

This  is  determined  to  a  considerable  degree  by  properly  designed  Mi  acid 

circulation.  At  the  same  time,  a  number  of  other  conditions  must  also  be  met: 

an  adequate  margin  of  safety,  and  prevention  of  oxidizing  and  other  side  reactions. 

the 

Aside  from  the  foregoing,  the  type  and  arrangianent  of/apparatus  eo^loyed  is 
also  determined  by  the  overall  condition  of  the  materials  being  processed.  The 
apparatus  sn^loyed  must  be  designed  sis^jly  and  must  be  carried  into  coeg)aot  and 
readily  controllable  Installations. 

FttlfilljMnt  of  these  conditions  makes  it  possible  to  set  vp  production  that 
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will  asttxr*  high  labor  product ivity  ind  low  product  cost. 

Each  method  of  production  of  polynltro  ooaqwunds  is  eharaetcrlicd  byt 
1)  the  number  of  stages  of  nitration;  2)  the  sequence  in  idilch  the  coeqwnents  az>e 
charged;  3)  the  nature  of  the  acid  circulation;  4}  the  prooesses  cycle. 


Section  1.  The  Stages  of  the  Process 


The  affect  of  substitute  groups  In  the  benzene  ring  govern  the  changes  in 
the  conditions  of  nitration  at  various  stages  in  this  process.  As  nitro  groips 
are  introduced  into  the  compound,  their  inhibiting  influence  upon  the  nitration 
velocity  makes  necessary  the  use  of  increasingly  stronger  acid  mixtures.  The 
consunq^tion  of  acids  in  the  production  of  polynltro  coopounds  depends,  to  a 
considerable  degree,  upon  the  number  of  stages  of  the  process. 


Tha  r\^A4>«A4»e>  mo.^  Ka  Aaveee^a^  a  a 

......  .I.-*-  M  ^aa  v»»w  ou«*|^m*o 


via  the 


•  mononitro  con^potind  or  the  dinitro  conpounl,  in  three  stages,  and  in  three 


stages  with  the  MIMLII  subdivision  of  the  last  into  a  number  of  sub-stages. 

Nitration  in  a  single  stage  as  performed,  for  example,  in  the  nitration  of 
toluene,  follows  the  following  equation; 

C,H,CH, +3HNO,  -  C,H,CH,  (NOb),+ SH,a 

In  this  procedure,  all  the  spent  acid  is  diluted  by  the  molecules  of  reaction 
of  water  and  must  be  of  maxlanm  strength  in  order  for  the  third  nitro  group  to 
enter  the  ring.  In  this  connection,  the  constaqction  of  acids  is  at  a  maximum. 


and  the  acid  mixture  has  to  be  made  up  of  the  mixtuns  of  hl|^est  coneeBtratloni 
strong 

(oletmi  and  MWllHIHUtM  nitric  acid).  A  considerable  amount  of  the  triaitro  ooa^euad 


remains  in  solution  in  the  large  velems  of  strMg  i^ent  Mid,  sad  this 
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radtM4M  tha  prooM*  outpot  rat* 


Nitration  in  two  stages  via  the  aononltro  cooponndt 

G|H»CH,+ KNOk-*C,H/»^(IKy+IH,0; 

C.H,CH,(N0k)+2HN0b^CiHM(II0k)i-fH^. 

In  this  method,  a  weak  mixed  acid  is  used  in  the  Introduction  of  the  first 

nltro  group,  and  the  strong  mixed  acid,  which  satisfies  the  requlrsments  for  the 

latter 

Introduction  of  the  third  group  is  ecqjended  idien  the  iHHHiW  two  nltro  groiq>s  are 
Introduced.  Therefore,  this  method  Is  more  profitable  HOB  than  the  first. 
Nitration  in  two  stages  via  the  dlnitro  coanpound; 

C,H,CH,+ 2HNO»- C,H,CH,(NO^+ 2H,0: 

C,W,CH,(NO»), -h  HNO,  -  C,H,CH,  (NOO, + H,a 

This  method  is  more  profitable  than  the  preceding  one,  inasmuch  as  the 

strong  mixture  is  employed  only  to  introducs  the  third  nltro  group,  and  a  weaker 

mixed  acid  is  employed  in  the  introduction  of  the  first  two  nitro  groups. 

Nitration  in  three  stages.  Under  this  method,  the  strong  mixed  acid  is 

expended  on  the  introduction  of  only  the  third  nitro  group  into  the  ring,  a 

weaker  is  used  to  introduce  the  second  nltro  group,  and  a  very  weak  mixture  for 
The  consunption 

the  first.  CAiUii^tUU  of  strong  acids  in  this  process  is  even  less  than  in 
nitration  by  methods  referred  to  above. 

Nitration  with  separation  of  a  third  stage  into  several  substaaes  (chases). 
Under  this  method,  the  eonsu^jtlon  of  strong  sicids  Is  reduced  even  further.  % 
trMldng  mltratloa  19  into  a  rnaber  of  stages,  it  beocssM  possible,  in  tbs  BtW 
first  of  thess,  to  esploy  mixed  soids  of  lessr  WBUKL  strength.  Tiw— ish  as 


th«  nitration  In  this  oMo  will  proeood  in  tho  proowoo  of  oxsooi  eoapound 


undorgoing  nitration.  It  is  H  only  tho  final  stages  that  require  BB  aore 
concentrated  mixed  acids  as  the  active  mass  of  ooaq>ound  being  nitrated  is 
reduced. 

Increase  in  the  number  of  stages  in  nitration  complicates  the  factory 
equipment  and  results  in  greater  esqaenditure  of  labor.  However,  with  a  rational 
flow  sheet,  and  successful  design  of  the  equipment,  the  number  of  stages  in 
nitration  can  be  increased  considerably  (Bibl.183).  Separatiru  of  tho  process 
into  a  large  number  of  stages  is  preferably  reserved  for  the  last  stage  (introduction 
of  the  third  nitro  group),  inasmuch  as  the  greatest  amount  of  strong  acid  is 
required  due  to  the  difficulty  of  this  process. 

The  degree  of  nitration  may  vary  in  tho  various  stages .  The  process  may  bo 
performed  with  adherence  to  precise  molecular  ratio  among  tho  rioting  conqjononts, 
or  without  adherence  to  this  precision.  In  tho  former  case  for  example  in  introduction 
of  the  first  nitro  group,  the  entire  hydrocarbon  is  nitrated  to  mononitro  conqjound, 
in  the  second,  to  dinitro  compound  and  upon  introduction  of  the  third,  to  trinitro 
conqjound.  This  flow  sheet  makes  for  ready  monitoring  of  the  intermediate  products, 
for  examp]^,  IS  laq}erfect  products  SZ  are  noted  immediately,  etc.,  whereas  when  conducting 
the  nitration  in  a  number  of  lUgSi  buildings,  the  purpose  of  each  building  is  quite 
distinctive.  The  nitro  product  produced  has  various  specific  properties  (physical- 
chemical  constants  and  characteristics). 

la  the  latter  case,  for  maapla,  x^oa  introduction  of  the  first  nitro  iX  grewp 


the  first  stags,  tolusns  H  unlsrgoss  only  50!l  nitratimi  to  MMimltrstsliiMfc 


with  ths  purposs  of  maximtm  utlUsation  of  nitric  aoid  from  ths  spsnt  aeid.  In 
ths  ssconl  stage,  the  process  is  conducted  so  that  the  nitro  product  ootalnsd  is 
liquid  at  a  tes^erature  of  30  -  35°C,  which  le  achieved  when  mixtures  of  nitro 


products  containing  50  -  75$  dlnitrotoluene  and  correspondingly  25  -  50$ 

mononltrotoluene  are  employed.  The  liquid  nitro  product  is  more  readily  separated 

from  the  spent  acid  and  it  is  then  that  nitration  to  trinitrotoluene  is  performed. 

Section  2.  Procediire  of  Charging  of  Components 

In  each  of  the  methods  of  nitration  listed  above,  the  sequence  of  run-in  of 

run-in 

the  components  may  be  different:  £QD3S  of  the  acid  mixture  to  the  compound  being 
nitrated  ('•direct'*  run-in),  or  run-in  of  the  compoimi  into  the  mixed  acid  ("inverse" 

^  rsMAAvvmi.  m  TVia  eaes^ 

methods  are  suitable  only  to  cyclic  processes,  whereas  the  third  may  be  used  in 
continuous  process. 

The  sequence  in  which  the  components  are  charged  has  a  substantial  effect 
upon  the  cost  and  upon  the  result  of  nitration.  Lot  us  examine  it,  eii5)loying  the 
nitration  of  aromatic  hydrocarbons  of  the  mononitro  con^pounds  as  XSl  our  oxan^le. 

In  "direct"  charging  of  the  components,  .the  full  quantity  of  hydrocarbon  to 
Xn  be  nitrated  in  a  single  operation  is  run-in  at  once,  followed  by  gradual  addition 
of  the  mixed  acid.  A  special  feature  of  this  sequence  of  mixing  of  the  eoa^nents 


is  the  presence  of  excess  hydrocarbon  during  the  nitration. 


this  sequenee 


process  _ 

is  a^>loyed,  the  nitration/rate  is  XBU  low  at  the  ootset,  beeaBse  of  ths  slow 

bslow 

adUitiea  of  the  mixed  aoid,  and  oonsequently  ttBSSm  aitrie  aeid  e«at«Bi  af  tlw 


'A" . 


This  Uttar  elrenutanea  lugr  aUo  raault  In  a  tida  raaetion  batwaan  tha  oei4>ottirf  " 
balng  nltratad  BB  (if  thara  is  no  nitro  group  in  tha  riitg  tharaof)  and  tha 
nltrosyl  aulfurlc  acid,  rmulting  in  tha  formation  of  tha  Battagajr  ecm^lax  (Blbl.57} 

(C«H«)  a  (NHSOi)  A,  ■  (H,S04)  ih. 

reainifiad, 

Congruents  of  this  kind  ara  readily  oxidized  and  raiaaiaiaadt  particularly 
at  elevated  temperature.  Therefore,  \dien  the  direct  method  of  run-in  is  eoqsloyed, 
lov  temperatures  must  be  maintained  during  the  process. 

As  indicated  above  [pp.99  -  105(Bibl.l82)],  formation  of  the  coK^lex 
facilitates  &n  Increase  In  the  strength  of  the  mixed  acid,  an  increase  in 
ten^erature,  and  in  the  amount  of  nltrosyl  sulfuric  acid  present.  This  last 
clrcmstance  is  the  major  obstacle  to  the  utilization  of  components  of  the 
nitrating  mixture  from  spent  acid,  in  direct  run-in,  inasmuch  as  spent  acids  ,, 
almost  always  contain  nltrosyl  sulfuric  acid. 

In  '•direct”  run-in  of  the  components,  the  cooling  siurface  of  the  apparatus  ' 

V 

is  inefficiently  en^loyed,  inasmuch  as  the  volume  of  hydz*ocarbon  is  usually  less, 
by  a  factor  of  two  to  three,  than  the  volume  of  acid  mixture- 

The  sole  advantage  of  direct  charging  of  the  components,  conditioned  by  the 
presence  in  the  apparatus  of  an  excess  of  hUfH  nitratable  compound,  is  the 
possibility  of  producing  pure  mononitro  compounds  without  admixture  of  dinitro 
cci^und,  and  maximum  utilization  of  nitric  acid  to  fom  the  nitro  compound 

(6ibl.l85)«  However,  in  the  synthesis  of  polynltro  cosqjounds,  the  mononitro 
eempouad  Is  an  intermediate  product  in  farther  nitration,  sad  therefore  there  is 


no  nood  to  produco  it  In  tho  par*  fom. 

In  tho  ewe  of  "Inversa"  rnn-ln  of  tho  eo^>ononts,  XX  tho  ohtiro  aold 

mixturo  lo  charged  Into  tho  apparatus,  and  then  tho  hydrocarbon  to  bo  nitrated 

is  added  gradually  w  the  nitration  proceeds.  A  special  feature  of  this 

method  is  the  fact  that  excess  nitric  acid  is  present  virtually  throughout  the 

nitration  process.  Under  these  circumstances  of  nitration,  no  complex  is 

formed,  inasmuch  as  the  hydrocarbon  is  immediately  converted,  upon  contact 

with:  the  acid  mixture,  into  a  less  reactive  nitro  compound,  which  neither 

*_iinifie8  iUi  nor  oxidizes.  In  ’•inverse"  run-in,  the  end  of  charging  of  the 

components  is  readily  determinable.  ‘So  long  as  there  is  nitric  acid  in  a  mixture, 

it  has  a  bright  yellow  color,  but  after  the  nitric  acid  has  been  consumed,  tho 

colored 

batch  grcva  darker  iuSuodiatoly  beuause  of  the  fomiation  of  tne  ifaiaifXTnril  coe^xex. 
"inverse  charging". 

In  the  heat  conditions  of  the  process  are  more  favorable. 

,  A  special  feature  of  this  process  is  the  formation  at  the  onset  of  nitration, 
of  a  dinitro  con?3ound  (up  to  IC^)  as  a  consequence  of  the  fact  that  a  strong 
admixture  is  .employed,  containing  a  large  amount  of  nitric  acid.  Under  circumstances 
in  which  the  mononitro  conqsound  is  an  intermediate  product  in  tho  production  of 
di-  and  trinitro  compounds,  partial  nitration  to  the  diproduots  in  the  first 
phwe  is  actually  desirable,  as  it  reduces  the  consunqptlon  of  the  stronger  acids 
In  the  second  stage  of  nitration. 

A  process  proceeds  a  good  deal  more  smoothly  in  simultaneous  charging  of  the 
ecmpemiits,  which  is  usually  s)^>loyed  when  the  coatlnuoas  process  Is  used.  The 
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rMotmt  e«^>oamts  ar*  run  into  an  i^^aratua  flUad  with  apmt  acid.  Tba 
ci4>aolt7  of  th«  apparatus  Bust  ba  adoquato  to  naka  it  posaibla  for  tha  eo^jonanba 
to  main  therein  for  the  period  of  tloe  required  for  the  reaction  to  oooa  to 
ooo^letion.  Under  these  conditions  there  is  no  unnecessary  excess  of  one  of 
the  conqjonents,  and  therefore  side  reactions  are  held  to  a  minimum,  and  sosw  of 
them  are  actually  absent  (for  example  such  as  the  formation  of  the  complex  or 
the  formation  of  a  dinltro  conqsound). 

Section  3»  Acid  Circulation 

In  nitration  of  mixed  acid,  the  sulfuric  acid  XSSEXS  is  XX  not  consumed  in 

with 

the  process  of  nitration,  but  is  merely  diluted/water  and  XX  goes  out  of  the 
process  in  tha  form  of  what  is  termed  spent  acid.  In  order  to  economize  on 
sulfiuric  acid,  the  spent  acids  from  the  higher  stages  of  nitration  are  employed, 
in  multiple  stage  processes  of  polynitro  compound  production  to  make  mixed  acids 
for  the  lower  stages  of  nitration.  •  For  exan^jle,  the  spent  acid  from  the  third 
stage  goes  partially  or  completely  to  preparation  of  mixed  acid  for  the  second 
stage,  whereas  the.  spent  acid  from  the  second  stage  goes  to  make  mixed  acid  for 
the  first  stage. 

This  utilization  of  spe  .  acids  from  the  higher  stages  of  nitration  to  make 
mixed  acids  for  the  lower  st^es  of  nitration  is  termed  acid  circulation.  A 
rational  acid  circulation  makes  for  minimum  acid  consuo^tion  factors  and  high 
yields  and  quality  of  product.  Inasmuch  as  stronger  acids  are  required  for  the 
hi^er  degrees  of  nitration  than  for  the  lower,  it  is  elear  that  the  spent  aeid 
ttm  the  higher  WBStKt.  etege  of  altration  wqr  go  to  sake  the  nix  for  the  lewr« 


Thoa,  cotmtarourrant  batwaan  prodnot  and  aoid  la  rational  in  a  oontianona 
nitration  jHttifcMt  procass. 

In  acoordanoe  with  the  natura  of  tha  acid  rotation,  tha  pathoda  of  conduction 

of  nltro  conqsounds  majr  be  classified  as  follows:  acid  circulation  lacking, 

incoB^lete  acid  circulation,  and  consists  acid  circulation « 

From  the  point  of  view  set  forth  above,  the  method  riot  engjloylng  acid 

circulation  is  rational  only  in  a  process  in  which  it  is  not  necessary  that  the 

procedure  be  broken  down  into  various  stages.  In  the  multiple  stage  method  (for 

example,  in  nitration  of  toluene  through  three  stages),  acid  circulation  was  absent 

and 

only  in  the  earliest  period  of  development  of  this  method  of  production, 

the  acid  mixtures  for  each  stage  of  nitration  were  prepared  from  fresh  acids,  and 


the  spent  acids  were  discarded. 

■fhe  method  enqjloying  incomplete  acid  circTilation  remains  in  use  to  this 

xylene 

day  in  the  two-stage  method  of  nitrating  itjUMitH  to  trinitroxylene. 

Complete  acid  circulation,  in  which  the  spent  acids  from  the  higher  stages 

of  nitration  are  employed  in  their  entirety  to  iDSXK  make  up  acid  mixtures  for 

the  lower  stages  is  the  most  profitable.  With  this  method,  not.  only  is  there  a 

reduction  in  the  total  consun^jtion  of  sulfuric  acid,  but  there  is  also  a 

reduction  in  the  consunption  of  nitric  acid  XX  as  a  consequence  of  it.s  more 

iqwn 

cooqslete  utilization.  Recovery  of  spent  acid  H  denitration  is  facilitated,  as 


it  sBwrges  in  the  form  of  the  most  weakly  spent  aoid  from  the  first  stage  of 


aitration,  containing  60  -  nad  a  negligible  amount  of  nitro  e< 
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Morvowr,  extraction  of  the  nitric  acid  and  deco^icsition  of  the  nitroayl 
sulfuric  acid  in  denitration  proceeds  the  more  readily,  the  weaker  is  the  sulfuric 
acid  in  which  they  are  dissolved. 

Where  ''direct'*  run->in  cf  a  mixed  acid  into  the  confound  being  nitrated  is 
r* I  enqjloyed,  acid  circulation  is  permissible  only  under  the  condition  that  the 

spent  acid  be  most  carefully  cleansed  of  the  dissolved  nitro  products,  if  the 
spent  acid  Is  to  be  en^loyed  in  making  mixed  acid.  '  This  is  done  by  cooling  the 
spent  acid  and  settling  it  for  a  long  time  (up  to  20  days).  Otherwise,  oxidation 
and  resinification  will  go  farther. 

The  situation  is  different  in  '’inverse"  run-in.  In  this  procedure,  there  is 
,  always  an  excess  of  nitric  acid,  and  the  hydrocarbon  charged  is  immediately  converted 
to  a  nitro  compound  that  does  not  react  with  the  organic  admixtures  present  in  the 


mixed  acid.  Consequently,  in  inverse  charging,  it  is  not  essential  that  the 

i  I 

spent  acids  be  cooled  c'ril  sett3.ed  if  they  are  to  be  used  to  make  mixed  acid. 

59  Therefore,  the  spent  acids  are  sent  directly  from  the  separator  to  the  lower-stage 

nitrator,  mixed  with  nitric  acid  and  nitration  is  begun  with  the  mixed  acid  thus 
produced.  This  tj^pe  of  acid  circulation  is  called  hot.  Its  advantages  are; 

l)  The  SEMI  need  for  long-term  preliminary  settling  of  the  spent  acids,  which 


requires  large  capacities.  Is  eliminated; 

2)  The  need  for  special  acid-mixing  apparatus  is  eliminated; 

* 

3)  The  acid  department  cf  the  plant  becomes  sis^ler  and  more  conpaot,  and 
the  mabsr  of  workers  Is  essentially  reduced. 

Most  desirable  of  all  is  a  closed  acid  eiroulatlo^j^ieh  tbs  spent  ael4 
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iMTing  th«  nitration  dapartawnt  is  oeo^tlataiy  rattanad  nitration  nftar  danltratlM 
and  increase  in  strength.  In  this  kind  of  acid  circulation,  the  sulfuric  acid 
required  as  a  reaction  medium  is  employed  in  production  in  a  closed  cycle,  and 
it  is  merely  a  small  amount  of  fresh  sulfuric  acid  that  has  to  be  added  in  order 
to  make  good  the  losses. 

Section  4.  Production  Cycle 

In  terms  of  the  production  cycle  distinction  is  made  between  periodic  processes 
of  nitration  (short  cycle)  and  continuous  nitration  processes  (long  cycle,  usually 
interrupted  only  to  repair  the  apparatus,  correct  disturbances  in  the  process, 
and  for  other  such  reasons). 

The  interrupted  process  is  characterized  by  the.  fact  that  its  various  stages 
occur  in  a  single  place,  and  that  time  requirements  vary.  It  is  carried  out  in 
batch  apparatus.  In  the  periodic  process,  the  final  product  is  discharged 
from  the  apparatus  at  specific  time  intervals.  After  discharge,  the  initial 
con^jonents  effe  charged  into  the  apparatus  and  the  production  cycle  is  repeated. 

The  continuous  process  is  characterized  by  the  fact  that  all  its  stages  occur 
simultaneously  and  that  the  end  product  is  in  a  steady  condition,  wl.th  discharge 

'  I 

continuous.  It  is  performed  in  continuous-type  apparatus.  The  continuous 
nitration  processes  are  the  more  advanced.  As  a  rule,  they  are  considerably 
safer,  readily  subject  to  automation,  require  less  H  labor,  are  more  productive 

e 

and  economical. 

2i[\negative  side  of  XX  nitration  in  contintious  apparatus  is  the  fact  that  thm 
nitration  Mploys  a  mlasd  acid  of  mlaimal  aetivity  (the  nitro  batch  la  the 


^piratas  is  virttaallr  spaat  sold),  as  a  ooaseqnsBes  of  mhieh  roastiea  vaXs^tgr 


Is  low,  but  this  ih!  turn  prsTsnts  spmtanoous  hsating  of  ths  batch.  Not 
Infroqusntly,  in  order  to  achieve  high  output  in  the  reactor,  the  reduction  la 
nitration  velocity  (due  to  the  low  strength  of  the  nitrating  bath)  is  ooBg>ensatsd 
for  by  IX  running  the  process  at  high  teB;>eraturs.  This  last  circumstance  does 
not  always  have  a  favorable  effect  upon  yield  (losses  due  to  oxidation),  and 
also  v?)on  proper  quality  (for  exan^jle,  in  the  nitration  of  toluene,  the  yield  of 
metanltrotoluene  Increases). 

In  continuous  action  apparatus,  the  problem  of  repair  is  more  con^plex.  In 
the  repair  of  a  single  apparatus  it  is  frequently  necessaiy  to.  stop  others  ccunbined 
into  a  single  continuous  installation.  Consequently,  a  good  organization  of 
maintenance  work  is  essential  in  the  operation  of  continuous  Installations.  If 
monitoring  is  inadequate,  it  is  possible  that,  in  the  continuous  process,  the 
product  will  not  be  up  to  standard,  and  it  is  not  always  possible  to  rectify  this. 

The  considerations  set'  forth  above  must  be  borne  in  mind  in  deciding  the 
type  of  cycle  to  be  en^loyed  in  nitrating  any  given  product,  inasmuch  as,  despite 
the  theoretical  advantages  of  the  continuous  process,  the  possibility  that  a 
batch  process  may  prove  more  advantageous  is  not  to  be  ruled  out.  Batch -proceases 
are  enq}loyed  chiefly  in  con^aratively  small  Installations,  and  in  sit\iations  where 
satisfactory  solutions  have  a  problem  of  processes  in  continuous  apparatus  have 
not  yet  been  found.  Thus,  the  batch  process  must  always  be  regarded  as  a  transition 
stage  to  introduction  of  a  continuous  process. 

Zastallation  of  continuous  equipment  creates  the  lUIA  basis  in  matsrials 
and  tselmology  for  SOI  raising  labor  prodnetlvlty  ud  redtioiag  cost  of  predmstism. 
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Ho«*T«r,  a  auparlor  proeaas  oan  only  yield  warlui  •oonoalo  affaeta  if  It  la 
uaad  oorroetly,  rationally,  and  with  aklU. 

B.  Mixed  Aei'<«  n^wpinyad  in  Nitration 

Section  1.  A  Practical  Dcserlptlcn  of  Mixed  Aeida 

The  nitration  of  the  majority  of  aromatic  hydrocarbona  is  parformad  with 
mixtures  of  sulfuric  and  nitric  acid.  The  relationship  between  the  sulfuric 
and  nitric  acids  in  fhe  mixed  acid  is  set  in  such  fashion  that  the  nitric  acid 
will  go  ccmpletely  into  nitration. 

It  was  shown,  in  Chapter  II,  that  the  nitrating  activity  of  mixed  acid  is 
determined  by  the  ratlo||  between  the  sulfuric  acid  and  water.  In  the  mixed  acid, 
this  ratio  changes  as  the  nitric  acid  is  consumed  in  nitration,  inasmuch  as  a 
molecule  of  water  is  liberated  for  each  molecule  of  nitric  acid  consumed.  In 
addition,  the  nitrating  activity  of  the  mixed  acid  is  also  changed.  The  ability 
of  the  mixed  acid  completely  to  yield  the  nitric  acid  it  contains  to  nitration  of 
the  eiromatic  compound  will  be  determined  by  the  ratio  between  sulfuric  acid  and 
water  in  the  spent  ac±d.  Ihls  ratio  has  come  to  be  called  the  ann8|HHMmiX  dehydration 
index  (  Dl); 

jjj  „ _ Quantity  of  H2S0j,  in  mixed  acid  {%) 

Amount  of  H2O  liberated  in  nitration,  plus  amount  of  H2O  in  initial 
mixed  acid  {%) 

The  value  of  the  dehydration  index  of  the  acid  mixture  is  detenBinad 
e:)q>arimantally . 

ToBLlinswi  and  Grogglna  (Bibl.l46)  dasorlbad  the  acid  mixtures  by  a  variast 
of  the  dalqndratloa  iadlsx,  oallsd  tha  dehydration  value  of  the  sulforlo  aeid  (BH), 
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and  oeaputad  in  aooordanos  with  tlM  following  equation 

DVS-— 5 - . 

inclviding  a  coefficient  for  the  consumption  of  nitric  acid  in  nitration. 

In  this  fomula  Nj.  is  the  nitrogen  coefficient',  which  is  arrived  at  as  the 

product  of  the  weight  of  the  material  undergoing  nitration  by  the  weight  of  the 

nitric  acid  required  for  nitration;  S,  N,  and  W  are  the  percentage  contents  of 

H2S0/^j  HNO^  and  H2O  in  the  Initial  mljced  acid,  and  Wp  is  the  amount  of  water 

liberated  in  nitration.  They  hold  that  at  a  given  tamperatTare  and  a  given  N^., 

the  product  yield  is  a  function  of  the  DVS. 

cumbersome. 

Considerably  less  ■  WSMTOHftmidji  more  acciu'ate,  and,  in  our  opinion,  clearer, 
is  the  oouoopt  of  the  nitrating  capacity  of  the  mUctui'e  which  characterizes  it  by 
the  nitrating  activity  factor  suggested' by  N.A.Kholevo  (Bibl.l27)» 

The  nitric  acid  going  into  the  mixed  acid  is  not  consi^ed  in  the  nitration 
process,  but  only  changes  in  strength  as  the  nitric  acid  goes  into  nitration. 
Inasmuch  as  the  utlHzation  of  nitric  acid  for  nitration  is  acconroanied  by 
liberation  of  an  equimolecular  quantity  of  water,  the  strength  of 

the  sulfuric  acid  will  be  constant  >dien  the  conposition  of  mixed  acid  is  described 
in  molecular  percentage. 

The  same  relationship,  as  e:q>re88ed  in  percentage  by  weight  will  be  as 


follows,  due  to  N.A.Kholevo: 


ifh«rc  So  Md  Nq  ara  the  strength  of  tho  shlfnrlo  and  nitrlo  acids  in  the  acid 
mixture  in  percentage  by  weight,  relative  to  the  total  weight  of  HsSO^^  *  HSO^  *■ 

H^,  and  3^  and  ore  the  concentrations  of  the  same  cos^onenta  In  the 

be 

middle  or  at  the  end  of  the  nitration  process.  If  IXX  Nj^/taken  as  zero  in  this 

has 

expression,  then  Sn  will  take  on  some  specific  veQue,  idilch  K.A.Kholevo  Z1  termed 

C' 

the  liberating  XX  factor  of  nitrating  activity  of  the  mixed  acid,  Tho  factor, 
termed  f.n.a.  may  be  con5)utad  in  accordance  vd.th  the  foUovring  equation; 

^  -s' 

f.  n.a.  • 

The  activity  factor  a^qaresses  the  strength  of  the  sulfuric  acid  on  condition 
.  that  the  nitric  acid  KXX  is  completely  used  ih  the  nitration  process.  His  equation 
was  derived  as  follows. 

The  weight  of  the  spent  acid  after  con^slete  consun^jtion  of  the  HKO^  upon 
nitration  is 

100  -  V,  -  100-0, TUAfr. 


n 


whsre  100  is  the  weight  of  the  mixed  acid,  — is  the  weight  of  the  water 


liberated  in  nitration,  18  and  63  being  the  molecular  weights  of  the 


water  and  the  nitric  acid  respectively. 


The  strength  of  the  H230^  in  tho  opont  acid  or 


3,1001  MO-3, 

-  ,00^0, TIW 
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Aeoording  to  t-hlv  •qaation,  om  aay  ooapato  th«  mtIiw  nltratiitg  aetlvltj 
of  tho  aold  mixbur*  only  if  It  oontalns  no  nltrogwi  ozidM.  Wh«n  tho  tpant 
aeld  la  usad  to  make  nixed  aold,  nitrogen  oxidea  will  generally  be  preaent. 
Nitrogen  oxidea  go  Into  a  confound  with  aulfurle  acid,  combining  to  font  nltroayl 
aulfuric  acid,  with  liberation  of  water: 

Reaction  of  one  part  of  per  weight  takes  up  HgSO/j,  as  follows 

^;^■»2,58  ?•<•»*  b)f 

anxTaynmni 

and  the  H2O  liberated  is 

-^■•0,24  bjf  "h 

and  the  HNSOj  is 

■*  3,34  part*  ky  wt. 

76 

it  Is 

In  computing  the  factor  of  nitrating  activity/necessary  to  proceed  from 
the  active  composition  of  the  mixture,  i.e.,  the  composition  less  inactive 
matter. 

Therefore,  the  formula  for  conqjutatioii  of  the  F.n.a,  will  be  as  follows: 

f  n.o.  -  100tf,-8.5«a)  _  |00(g,-.a,Me) 

'  too -3.a4«  + 0,94a -0,7l4Ar,  100  ~S,  10s -0,714/7,  ' 

where  a  is  the  ^2^3  content  in  the  acid  mixtxu'e,  in  percent. 

This  last  equation  may  be  «nQ>loyed  In  production  to  coiQ)ute  the  F.n.a.  In 
the  spent  acid  on  the  results  of  aniCysls.  The  spent  acid  usually  contains  e 
dlMolved  nitre  product,  the  content  of  which  is  taken  into  eoaslderatisa  la 
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oo^>utlng  the  F.n.a.,  tha  fonsula  in  thl«  ease  having  the  following  appearaaoat 


^  iO0-S,S4«-fO.M«-O.7t4Ar,-»  * 

where  b  is  tho  nltro  product  content  in  the  spent  acid,  in 

Thus,  the  factor  of  nitrating  activity  for  the  initial  mixed  acid  and 
for  the  spent  acid  obtained  after  utilization  of  this  mixture  is  identical 
only  if  oxidizing  processes  have  not  occurred  in  the  coiu'se  of  nitration. 

However,  if  oxidizing  processes  did  occur  during  the  nitration,  a  portion  of 
tho  sulfuric  acid  will  be  taken  by  the  aitrogen  oxides  liberated  therein  to 
form  nitrosyl  sulfuric  acid.  This  reduces  the  factor  of  nitrating  activity  of  the 
spent  acids. 

In  terms  of  the  activity  of  mixed  acids,  the  following  are  valid:  l)  of  two 

or  more  injures  having  identical  factors  of  activity  (F.n.a.),  the  more  active 

at  the  outset  will  be  the  one  in  which  the  concentration  of  nitric  acid  is  higher; 

2)  of  mixed  acids  having  Identical  nitric  acid  concentration,  the  more  active  iUlUt 

will  be  the  one  in  which  the  factor  of  activity  is  the  higher. 

The  characterization  of  mixed  acids  by  IKK  factor  of  nitrating  activity,  due 

to  N.A.Kholevo,  has  had  a  very  favorable  effect  upon  the  development  of  tho 

manufactiu'e  of  a  number  of  polynitro  conq^ounds  primarily  TKT.  It  has  demonstrated 

their 

that  mixed  acids  of  various  cos^ositions  may  be  used,  provided  that  iliUHt  F.n.a. 
is  Identical.  This  is  turn,  has  solved  the  problem  of  eiQ)loyaent  of  spent  aolda 
for  the  preparation  of  mixed  acids. 
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SMtlon  2.  ConOTBPtioB  of  Ael4«  tor  HltraUoa 


The  aaomt  of  nitric  acid  goinc  to  make  up  the  nitrating  mixture  is  det<e«*iMd 
bgr  the  amount  theoretically  required  for  nitration  in  aocorduiee  with  the 
stoichiometric  reaction  equation 

AtH + A  HNO,— Ar  (NO^)* + X  H,0. 

To  the  quantity  of  nitric  acid  found  In  this  manner,  there  must  be  added  a 

faction  thereof  -  ‘ 

specific  ZnmEXn  necessary  to  cover  the  nitric  acid  ggiiijjt  consumed  in  oxidation, 

'■usually 

evaporation  losses,  and  residue  in  the  spent  acid.  This  excess,  is  determined 

experimentally  for  each  specific  case.  •  ' 

The  determination  of  the  consun^jtion  of  sulfuric  acid  required  in  nitration 
is  another  matter.  This • problem  is  facilitated  if  the  limiting  factor  of 
nitrating  acti’rlty  required  to  obtain  a  given  degree  of  nitration  of  the  initial 
gWgnffi  compound  is  knovni'.  Table  9  presents  the  F.n.a.  values  employed  in  practice, 
and  the  practical  consuimjtion  of  nitric  acid  as  percentage  of  the  theoretical 
required  for  n^'^*  tion  of  the  most  important  aromatic  con?)ounds. 

The  eimjloyment  of  acid  mixtures,  the  spent  acid  of  >«hlch  will  ha-ve  an  F.n.a. 
higher  than  that  required  to  nitrate  the  given  substance,  is  unprofitable  in  terms 
of  sul’uric  add  economics.  The  use  of  acid  mixtures  of  low  F.n.a.  results  in 
incosqjlete  utilization  of  the  nitric  acid  in  this  mixture.  If  we  know  the  F.n.a., 
it  is  not  difficult  to  determine,  for  each  specific  Instance,  the  amount  of  sulfuric 
acid  required  to  carry  out  the  nitration  process. 

e 

Let  us  use  to  indicate  the  quantity,  in  kilograms,  of  nitric  acid  at  a 
streogth  N  (%)  BB  of  HHO^  ,  and  let  us  s^>li>3r  0^  to  demots  the  quantity,  in 


Tabl*  9 


Substwio*  Being  Nitrated 


^.n.a 


Benaene  to  mononitrobenaene 
Mononitrobanaene  to  dinitrobenzene 
Toluene  to  monohitrotoluene 
Mononitrotoluene  to  dinitrotOlnene 
Dinitrotoluene  to  trinitrotoluene: 
three-step  method 
multi-step  method 
lyletie  to  dinitroxylene 
Dinitroayibne  to  trinitroaqrlene 
Naphthalene  to  mononitronaphthalene 
Mononitronaphthalene  to  dinitronaphthalene 


HNO^  Constnad  in  Nitration 
in  /K  of  Theoretioal 


70 

10»-t05 

88 

110-118 

70 

100-105 

82 

110-115 

93 

.  180-300 

87 

'  170-180 

72 

110-115 

90 

1  150-.180 

81 

1  103—106 

72 

^  130-140 

( 


kilograms,  of  sulfuric  acid,  at  strength  3  {%)  of  H2S0/^  required  for  nitration. 

ay^anggiautwxiQmtgYimcmMifitK^xirrraYyYa^yinmyfaamagYTir^^  • 


nnuotmign 

In  the  spent  acid  after  nitration  there  vri.ll  be:  all  the  sulfiu-ic  acid  (G3), 


the  water  in  the  nitric  acid 


O/ydOO-Af)  ^ 
iuO  /  ’ 


and  .the  water  liberated  in  the  process  of  nitration.  The  amount  of  the  latter 
is  conqjuted  from  the  stoichidmetrio  equation  for  the  nitration  reaction 


ArH  +  HNO,  -  Ar  (NO,) + 


It  will  come  to 


n  0  2860  ^ 

«3.100 

the  weight  of 

Thu8,/lXI  the  spent  acid  is  written  as  a  sion 


Off  OOP -AT)  ■  O.aaBOAr  JV^^  _  (100-.O.Tl«Ar) 

*  100  ^  iiy»  '■'M  ,nh 


100 


100 


However,  the  aneuat  of  In  the  spent  acid,tX  In  pereentage  (F.a.a.), 


is  esq^Mresacd  as  the  ratio  of  the  aaotmt  of  sulfarie  sold  nonehTdratee  •tplejed  in 


Q 

altratloa  (Gg  •—)  to  tho  aaouat  of  apont  Midi 


f.n  o.  w 


aa<$-m 


mos  +  a/t(m-o,7t4N) 


l«l. 


fr<an  ^rtiich 


f.w.a,  Q^(100-0.7IW) 
(S-  ^o.a.)100 


or 

«  _.Ojv  f  "  "-  /  140- AT  \ 

.  - m  f.n.aj  • 

If  W3  use  this  equation,  we  are  in  a  poeition  readily  to  confute  tho 
amount  of  sulfuric  acid  required  tq  make  up  the  mixture. 

It  is  evident  from  the  fomnula  that  the  consun^stion  of  sulfuric  acid  is 
determined  to  a  considerable  ds^oe  by  the  difference  between  the  concentration  , 
of  H23O4  in  the  sulfuric  acid-  employed  for  nitration  (S)  and  the  concentration  of 
H2S0^  in  the  spent  acid  (^.n.a.).  As  a  consequence  of  tho  high  value  of  the 
F.r.a.,  particularly  in  the  nitration  of  dinitro  c  pounds,  it  is  necessary  to 
enploy  sulfuric  acid  of  iOQS  maximum  strength  (not  infrequently  containing  free 
SO^)^  to  make  the  mixed  .acid.  However,  even  under  these  conditions,  the  consumption 
of  sulfuric  acid  is  considerable,  and  sometimes  several  times  as  large  as  the 
consunptlon  of  nitric  Mid. 

The  formula  also  shows  that  the  cooposition  of  the  acid  mixture  may  change 
considerably  in  Mcordance  with  the  concentration  of  the  initial  Mids  esqjloyed 
to  make  vp  the  mixture.  At  maximal  conoentration  of  the  initial  Mids,  the 
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; 

oossoiptlon  of  sulfnrlo  acid  kLU  bo  ■iaiaal,  aad  tho  poreonUeo  eontesl^  of 

4' 

nitric  acid  in  the  acid  mixture  Mill  be  at  a  naxiwai.  On  the  other  hand.  If 

the  initial  acids  are  weak,  the  strength  of  tho  nitric  acid  in  the  acid  mixture 

final 

will  be  minimal.  In  such  mixed  acids,  it  is  only  the  imiltlig  nitrating  activity 
that  will  be  identical,  idiersas  the  nitrating  activity  of  the  initial  mixturea 
differ. 

The  initial  nitrating  activity  of  acids  containing  much  nitric  acid 

will  bo  greater  and,  consequently,  the  nitration  velocity  by  these  acids  at  the 

beginning  of  the  process  will  be  higher.  •  This  is  of  significance  only  for 

liatoh-t'ype  processes,  in  which  the  compound  to  be  nitrated  is  inm  into  the 

mixed  acids.  .  Nitration  in  continuous  process  apparatus  has  a  rule  (particularly 

for  readily  nitratable  con^jounds)  occurs  in  point  of  fact  with  mixed  acids  of 

nearly  maximum  composition,  l^on  continuous  nitration  in  a  nitrator,  the  mixed 

acid  and  the  confound  undergoing  nitration  are  measured  XXpn  simultaneously, 

often  at  a  rate  close  to  the  speed  at  which  they  react.  Under  these  conditions, 

tho  nitrator  is  filled  with  a  nitro  batch  consisting  of  nitro  products  and  tho  , 

XI  nitrating  mixture,  similar  in  conqjositlon  to  spent  acid.  Consequently,  in  the 

mixtures 

case  of  continuous  processes,  the  characterization  of  the  acid  on  the 

basis  of  maximum  nitrating  activity  F.n.a.  will  be  the  most  accurate. 

It  follows  from  the  foregoing  that  in  continuous  processes,  the  ss^loyment 
of  acid  mixtures  con^osed  of  weak  acids  instep  of  mixtures  oos^osed  of  strong, 
has  no  significant  affect  TQ>on  the  nitration  velocity.  At  the  same  time,  caqpoadiat 
the  mixed  acids  of  weak  initial  acids  is  often  econoadoally  advantageous,  for  «Mip2m, 


la  altratloa,  it  p«mltg  th«  us*  of  th*  sp«Bt  aeld  of  th*  hl|^i«n| 

# 

stagss  of  c.ltratlon  to  prepar*  aixod  sold*  for  the  lowtr  stsg*s  of  nltratlea.  | 
C«ABD«ratus 

Nitration  Is  the  major  stage  in  the  production  of  emploslves  of  the  nltro 
derivative  class.  It  includes  two  major  processes t  nitration  as  such,  and 
separation  of  the  derived  nltro  product  from  the  spent  acid.  Below  we  examine 
the  specifications  that  have  OS  to  be  met  in  designing  the  principal  typos  of 
apparatus  en^loyed  in  these  processes. 

Section  1.  Nitrators 

The  nitration  reaction  is  carried  out  in  apparatus  termed  nitrators.  These 

great  to  satisfy 

apparatus  are  made  in  a  lOI  variety  of  designs,  but  they  all  have  SSZQXXO 

specific  requirements  determined  by  the  nature  of  the  reaction  occurring. 

•The  nitrator  design  must  be  sufficiently -simple,  it  has  to  be  accessible  to 
inspection  and  convenient  for  servicing.  This  is  particularly  important  for 
apparatus  in  \rtiich  the  resultant  nitrb  conqsound  is  of  inadequate  stability  in 
its  unpurlfied  form.  Long-term  retention  of  this  produtft  fit  in  parts  of  the 
appju’atxis  inaccessible  to  inspection  may  result  in  decomposition  of  the  product 
and  accidents. 

A  nitrator  en^loyed  to  produce  nitro  confounds  having  e^lbslve  properties 
must  have  a  drainage  outlet  of  adequate  cross-section,  for  coilhection  with  an 
msergsncy  reservoir.  The  ZSBI  drainage  cross-section  atust  be  such  as  to  permit 
the  contents  of  the  apparatus  to  be  duBg>ed  into  the  emergency  tank  very  quickly 


: _ _ _ _  .■  -J -am.  -liiriKaiiiAiiPii- ' 
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oewlitioM, 

in  order  to  aalatain  tho  roqoirod  heat  UlMHIIl^  th«  nitrator.  ahenld  )iami>^ 

1 

i 

adequate  surface  area  for  heat  exchange.  This  Is  usually  aehlered  bgr  ■sans  ef 

The  colls  parts 

colls,  mn/are  the  aost  sMtsltlrs  BHI  of  the 

apparatus.  They  go  out  of  order  rather  easily,  as 

a  consequence  of  corrosion.  Entry  of  water  from 

the  coll  Into  the  nltro  mass  may  result  in  an 

accident  due  to  the  sudden  temperature  jump  as  a 

heat 

consequence  of  heating  of  the  contents  hy  the  XIU 

of  nitration,  and  boiling  up,  or,  under  tho  most 

expulsion 

favorable  conditions,  in  of  the  nltro  mass 

from  tho  apparatus.  Not  infrequently,  coil  leakage  is  the  cause  of  a  fire  or  even 
an  explosion. 

To  avoid  accidents,  coils  must  be  examined  periodically.  It  is  desirable  that 
the  delivery  of  water  into  the  coils  be  by  suction.  This  may  be  achieved  by,  for 
example,  placing  the  tube  that  removes  the  water  at  a  level  significantly  below  that 
of  the  coil  (Fig. 5).  If,  with  such  an  arrangement,  tho  lino  into  the  coil  forms 
an  aperture,  >diat  will  occur  at  first  is  only  a  suction  of  nltro  mass  into  the 

coll.  In  accidents,  nitrogen  oxides  are  released  from  the  funnel  accepting  the  water 
emitted  from  the  coll.  A  much  more  reliable  arrangement  would  be  to  transmit  the 
coolant  water  through  the  coil  by  meeuis  of  vacuum  or  a  centrifugal  puaq>. 

Not  Infrequently,  as  a  consequence  of  the  high  nitration  velocity  of  certain 
eempounds  and,  consequently,  of  the  considerable  amount  of  heat  emitted  In  unit 


Fig. 5  -  Diagram  of  Cooling 
Coil  of  Nitrator  (showing 
direction  of  water  in  the 
coil) 


tJas  ae  It  occurs,  the  output  oapaeity  ef  the  nitrator  will  dapaad  upm  its  hatt 


data.  Hm  output  rata  of  nltratora  undar  theaa  oooditiona  ara  propertlmal  to 

'  ! 

tha  asBount  of  boat  that  can  ba  withdraim  from  tha  raaotion  batch  in  unit  tima. 

In  this  situation.  It  la  dasirabla  to  hava  nltrators  of  a  daalgn  that  nouM 

provide  maximum  coolant  II  surface  area. 

ittit 

Sometimes  XX  recourse  has  even^had  to  the  provision  of  additional  coolant 

surface  areas  beyond  those  within  the  apparatus  (for  exao^le,  as  a  combination 

,  Condensers  shell 

of  coll  and  Jacket).  KIMHUHI  or  tubas  extending  beyond  the  nitrator  IIUI  may 

serve  as  such  surfaces.  To  increase  the  withdrawal  of  heat,  cooling  is  very  often 

accelerated  by  special  brines  cooled  to  low  ten^erature.  This  is  IX  apparently 

more  desirable  than  additional  coolant  surfaces,  ani  is  frequently  engaged  in  in 

the  manufacture  of  explosives. 

In  order  to  provide  rapid  contact  between  the  con^sonents  delivered  into 
the  apparatus,  intensive  agitation  is  required.  Towards  this  end,  nltrators  are 
equipped  with  propeller  or  turbine  type  mixers .  Other  types  of  Ij|»IX»HC  mixing 
may  bo  exployed.  Intermixing  is  also  necessary  in  nitration  to  achieve  more 

intensive  and  uniform  heat  control  from  the  entire  nitro  mass  in  the  apparartus. 

must  contain  no  overheating 

Tlie  apparatus  ilumxxXJLlUttX  stagnant  zones,  as  local  of  the  nitro  mass 

dun  to  inadequate  XX  withdrawal  of  heat  may  occur  therein.  Such  an  overheating 

nu^  lead  to  the  sharp  Increase  in  the  velocity  of  the  jt***aa*jt  principal  and  the 

side  reactions,  and  this  is  highly  dangerous.  Intensive  stirring  upon  nitration  in 

a  heterogeneous  medium  also  facilitates  an  increase  in  the  speed  with  vdilch  the 


preesss  goes 


Th«  aatarlal  used  to  btdid  th«  nitrator  Is  ohossn  on  ths  basis  of  ths 
propsrtles  of  tho  roactanoo  It  will  contain.  In  nitrating  arooatlo  hydroearbons 
by  mixod  acid  of  high  concontration,  containing  no  Boro  than  20  >  25f  watsr,  ths 
nltrator  may  be  made  either  of  cast  iron  or  standard  steel.  Should  mixed  acids 
of  lower  strength,  or  pure  nitric  acid,  or  mixtures  of  the  latter  with  acetic 

acid  be  eo^loyed  for  nitration  (for 


exan^le,  in  tho  production  of  hexogen), 
the  nltrator  is  made  of  special  stainless 
steel  or  some  other  acid-resistant 

material. 

A  thermometer  is  provided  for 

•  purposes  of  following  ten^seratTire 
conditions.  The  nltrator  must  have 

.  a  dev:).ce  for  removing  the  gases  and 

•  vapors  developed  during  nitration. 


Fig. 6  r.  Batch-^^o  Nltrator 
1,2;3  -  Entry  ranges  for  con55onent  pipe 
lines;  4  -  Agitator  shaft- bearing;  5,6,7  - 
Intake  flanges  for  coolant  water; 

8  -  Overflow  flames;  9  -  Thermometer; 

10  -  Shell;  11  -  Agitator  propeller; 

12  -  Hatch 


As  we  see  from  Fig.6,  the  nltrator 
is  provided  with  coil  and  Jacket.  In 
the  given  Instance,  the  coil  has  the 

e 

purpose  of  delivering  coolant  water, 

ar^  the  Jacket  serves  to  deliver  steam 
additional 

if  mDXXm  heat  is  required.  Heating 


of  the  nitro  mass  is  sometimes  necessary  at  ihe  end  of  the  nitrating  process,  whan 


the  heat  of  reastion  is  iaadeqoate  to  maintain  the  taB]>erature  required,  as  a 


eonsaqiMue*  of  the  low  strength  of  the  reeotant  e<»ponent8<  The  stesB  wijr 
alao  be  dellyerad  into  the  coil,  in  which  oMe  one  aajr  dispense  with  the  Jacket, 
as  the  latter  makes  it  diffictilt  to  exaadne  the  shell  from  without. 

A  propeller-typo  agitator  is  suspended  on  bearings  from  a  frame.  The 
agitator  shaft  is  provided  with  an  oil-trap  to  prevent  lubricant  from  entering 
the  nitrator.  This  would  result  in  combustion  if  the  nltro  mass  contains  acids 
of  high  strength.  The  agitator  shaft  passes  through  the  cover  via  a  hydraulic 
seal  filled  with  93^  sulfuric  acid.  The  inspection  hatch  in  the  cover  of  the 
apparatus  also  has  a  hydraulic  seal  filled  with  the  same  substance.  The  hatch, 
vrtilch  is  not  battened  down,  facilitates  safety  in  the  operation  of  the  nitrator. 

If  oxidizing  processes  accong^anied  by  the  emission  of  gaseous  products  arise  or 
become  intense  in  the  nitrator,  the  increase  in  internal  pressure  due  to  the • 
accumulation  of  these  products  beneath  the  cover  is  eliminated,  as  these  piquets 
lift  the  lUUUD^  hatch.  This  facilitates  prevention  of  accidents,  particularly 
when  nitro  products  bum  in  the  apparatus. 

Section  2.  iikiulpment  for  Separating  Nltro  Products  from  Spent  Acids 

After  nitration,  the  nitro  product  produced  has  to  be  separated  from  the 

spent  acid.  The  design  of  the  apparatus  used  for  this  purpose  varies  widely.  '  The 

difference  in  princlp;6b  among  these  designs  Joint 

mMXlimimM  laxtHmxiaEqpg  is  determined  by  the  SBQBOX  state  of 

the  U^DQDQDEIX  components  to  be  nitrated.  If  the  nitro  product  is  liquid  (Zi  and 

is  of  a  specific  gravity  different  from  that  of  the  spent  acid,  it  may  be  separated 

trim  the  spent  aold  by  the  settling.  If  the  nitro  product  is  a  solid,  saparatioa  ef 
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th*  apcBt  Mid  Is  by  flltsring  or  sqiMMing  out 


Soparatlon  of  th«  produota  bjr  ssttling  is  oarrisd  out  In  sspamtors  of 

various  designs.  Those  apparatus  have  to  assure  good  separation  at  naxlmas 

speed.  An  Increase  in  separation  speed  Is  nmiil  facilitated  reduction  In 

thickness  of  the  layers.  Increase  In  the  taiq>erature  of  the  mass  being  separated, 

etc.  The  separation  speed  Is  highly  dependent  upon  the  separator  design.  Jn  ■ 

In  the  interior 

some  separators,  shells  are  provided  SOBDlXSXXjC  to  reduce  the  thickness  of  the 

layers.  Separators  employing  centrifugal  force  are  also  adducive. 

Solid  aitro  products  are  separated  from  spent  acid  by  filtering  over  091 

ftmnels  or  centrifuging,  with  the  use  of  vacuum  or  pressure  filters.  Safety 

requirements  are  also  taken  into  consideration  in  making  the  choice  of  apparatus. 

must  not  • 

For  eran5)lo,  highly  sensitive  explosives  KBnOK  be  separated  from  the  spent  acid 

on  centrifuges.  .The  u'se  of  pressure  filters  is  dangerous  if  the  substance  is 

of  reduced  stability  in  the  xinpurified  jK  oondition(for  example  as  is  the  case 
Ignition 

with  FEIV).  IWtMUHmHt  of  these  substances  under  pressiure  may  result  in  e:q>loslon. 

D.  Control  of  the  Nitration  Process 

In  the  chemical  industry  as  a  whole,  and  in  eoq)loslves  manufactiu'e  particularly, 
production  control  is  of  decisive  significance.  Correct  conduct  of  the  technological 
process  makes  for  safety,  assures  the  required  quality  of  products  and  permits 
reduction  in  consvmqstlon  of  power  and  raw  materials. 

In  controlling  the  nitration  processes,  much  liq>ortance  attaches  to  teiqjerature 
readings,  inasmuch  as  tsaqjerature  is  the  major  factor  governing  the  product  yield 
and,  what  is  most  l^tortant,  safety  In  the  process.  Also  iaqiortaat  is  observi^isii  ef 
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aod  ohaeking  th«  oondltlon  of  tho  Mdiai  in  whieh  tho  rMetlon  oooura*  Om  of 

tho  Boot  iaportant  Btnlfoototiono  of  prepor  proeoM  eouroo  oro  tho  ohoraetoriotiil 

‘  » 

i 

of  tho  Intomadlate  products  and  tho  ond  products!  spoolflc  gra'vity,  froosing 


tonporaturo,  or  molting  point. 

Recently,  particular  attention  has  been  given  to  tho  problem  of  automation 
of  the  monitoring  of  production.  In  addition,  the  problem  of  automatic  control 
has  been  advanced.  This  is  particularly  pressing  and  important  for  fields  of 
manufacture  In  td^ich  explosion  is  possible  or  which  are  harmful  to  hunan  health, 
as  is  the  case  with  the  manufacttire  of  esq^loslvos.  Automatic  regulation  of  the 

*  •  e 

process  makes  for  optimum  conditions  of  apparatus  function,  and  this  r^ults  in 

increase  in  apparatus  capacity,  and  an  improvement  in  the  quality  of  the  product, 

2ind  a  reduction  in. indices  of  consunption. 

In  automating  the  production  of  explosives  and  selecting  the  corresponding 

mo'nitoring  instruments,  it  is  necessary  to  take  into  consideration  the  explosion 

danger  and  the  .degree  to  which  the  reactants  exercise  corrosive  effects.  Moreover, 

such  fundamental  processes  (which  are  also  those  Mffit  most  in  need  of  automation) 

as  nitration  are  rather  ccmplex  in  terms  of  monitoring  inasmuch  as  they  inolrxle  not 

only  the  problem  of  observation  of  ten^sefatiure,  but  determination  of  the 

composition  of  the  mixed  acid  and  the  product  undergoing  nitration.  Therefore,  the 

first  step  in  the  direction  of  coiig)lets  automation  has  to  be  automation  of  individual 

■  (II 

processes,  which  create  the  basis  for  general  automation.  JQBUS)  a^jpsars  that  the 
process  of  autmutlc  monitoring  and  regulation  of  togterature  will  be  th*  siaplest 


to  solve 


Various  litsraturs  data  iudleat*  that  ths  probln  of  autoastloa  of  ths 


production  osploslvss  Is  being  girm  Bueh  attention.  ThiiS,  a  dsserlptloa  (X 
(unfortunatsly,  very  brief)  of  a  wholly  automated  process  for  the  production  of 
nitroglycerin  (Blbl.l86)ha8  appeared.  This  exaa^Ie  demonstrates  that  automatic 
monitoring  and  control  over  the  process  flovr  in  the  nanirfacture  of  ejqsloslTOS 
is  entirely  a  realistic  objective. 


CHAPTER  IV 


ACID  PROCESSES 


A.  General  Description  of  th«  Acids  Banloyed  In  Nitration 


The  &IUUII9  constnnptlon  of  acldg  In  nitration  exceeds  considerably  the 


oonsun^tlon  of  the  starting  ccmq?ound,  in  explosives  nano/acture..  Table  10  presents 


data  with  respect  to  the  approximate  consun^jtion  of- 'acids  per  ton  of  certain 

(civil  engineering) 
basic  e^loslves  (Blbl.183)* 


Table  10  • 


a)  Explosive;  b)  Conaun^tion  con^suted  as  monohydrate  in  kg;  0)  Sulfuric  acid; 
d)  Nitric  acid;  e)  Oleum,  with  20^  SO3;  f)  Commercial  sulfuric' acid  93^;  iJX 
ilXEKiUnHHnnnng  g)  strong  acid  (98^  ,10103);  h)  Mixed  acid  (not  less  than.87^  HNO^ 
and  1.5%  H2S0/|^;  i)  Weak  acid  (55^  HNO3);  j)  INT;  k)  Dinitronaphthalene; 

1)  Tetrrl;  in)RDX 

A  large  volume  of  spent  acids  containing  sulfuric  acid  primarilv  are  obtained 
as  production  by-products,  l^e  spent  acids  are  preworked  and  recycled. 

The  consuB^tlon  and  circulation  of  acids  at  e;q}lo8lve  plants  exceeds  seversuLfoId 
the  volume  of  finished  products.  Even  if  enterprises  of  ZBI  this  kind  have  their 
OMR  aoid.^rodtielng  mteiprlses,  the  nitration  shops  have  to  have  large  resersss  of 
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predwtien*  In 

ncids  so  M  to  assur*  no  Inttmqjtions  In  pwiawtuMM  this  oonnaotlm,  th« 
nooMslty  arises  for  storage  and  speolal  provision  for  reoeivlng  aelds  fl^ 

69  8\q)plier8.  Other  auxiliary  ixn  shops  are  necessary,  to  perform  such  funotions 
as  the  purification  and  processing  of  the  spent  acids .  This  system  in  its 
totality  is  termed  the  acid  department  of  the  enterprise.  It  includes  absorption 
Installations  to  trap  vapors  and  gases  merging  from  the  nitrators.  . 

The  basic  chemical  industry  and  the  acid  shops  of  explosive  plants  offer 
sulfuric  and  nitric  acid  of  particular  SflHWnt  grades,  corresponding  to  specific 
requirements,  for  sale.  Those  specifications  are  governed  rigidly,,  on  the  one 
hand,  by  conditions  of  production  and  transportation  and,  on  the  other  hand,  by 
the  conditions  of  utilization  both  by  the  chemical  induetry  and  by  XKX  the 
ejqjloaives  Industry. 

Pure  1CX5^  sulfiuric  acid  (monohydrate)  is  a  heavy  oily  liquid  .vdth  a  specific 
i  I  gravity  of  about  XiQQK  1.8356  at  15°.  When  vrater  is  added  50  that  the ’strength 
bocranes  97.25^,  specific  gra'vity  rises  1.8415»  hut  a  further  increase  in  the 
amount  of  water  results  in  a  reduction  in  specific  gravity.  The  monohydrate 
begins  to  boil  at  290°,  decomposing  into  and  H2O,  whereas  338°,  a  continually 
boiling  mixture  (azetropo)  containing  9B%  8280^  and  2^  H20.is  formed. 


# 

A'  ^ 


13'^ 


WhsB  th«  Boaohjrdrat*  la  saturatad  1th  atilfurie  aahTdrida,  faiing  auUteia 


aeld  raaulta.  A  aajor  eoaqjonant  of  ftadng 


aclfurle  aoid,  or  olaua,  la  pgrreavlftfii’A 
aeld  which  may  ba  ragardad  aa 

a  solution  of  sulfuric  anhydride  In 
sulfuric  aeld  monotiTdrata.  Tha 
coB^osltion  is  therafore  expraasad  In 


percentage  of  anhydride.  The  specific 

Fig. 7  -  Relationship  of  Ten^Derature  of  gravity  of  olem  increases  with 
Solid'itiaation  of  Sulfuric  Aicd  to  Its 

increase  in  SO-  content  up  to  30J6, 
Con?)osition  ^ 

a)  Solidification  point  in  ®C;  b)  but  diminishes  thereafter. 

contents,  %\  c)  SO^  content;  % 

The  solidification  tes^erature  of 

sulfuric  acid  is  a  function  of  its  con^josition  or,  to  be  more  exact,  of  the  content 

of  water  of  free  sulfuric  anhydride.  As  is  evident  from  the  curve  (Fig.?),  the 

freezing  point  of  commercial  sulfuric  acid,  i.e.,  of  75^  strength,  92^ 

20^  SO3  (oleum)  is  lower  than  that  of  acids  of  somewhat  greater  or  lower  strength. 

,  the  requirements  that  have  to  be  met  by  sulfuric  acid  are  also  determined 

Winter 

by  conditions  of  transportation,  particularly  in  the  areas  in  which  the  HUCli  and 
Fall 

zm  are  cold.  Acids  at  other  strengths  would  more  frequently  present  the  problem 
of  ftiWI  freezing  in  the  tank  cars  in  transportation. 

The  effect  of  sulfuric  acid  i^n  metals  varies,  depending  upon  its  strength, 
m  Weak  sulfuric  acid  very  readily  erodes  (dissolves),  iron,  but  does  affect  lead, 
as,  on  the  contrary,  strong  sulfuric  aeld  attacks  lead  readily,  but  has  no  effeet 

qmi  inm.  This  dlfferenes  in  the  effeet  ef  snlforie  aeld  la  variew  atraqg^  Is 
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pr— — 


70 


•xplalnsd  b7  the  paatlvatlon  of  the  oetels*  MX  Ceeeatlmi  of  the  jUUmH  of  t.; 

i- 

eoiutlm  of  aetal  in  acid  la  due  to  the  formation,  on  the  anrfaoe  of  the  metal, 
of  a  protective  film  not  soluble  in  acids  of  salts  (FoS0|^  or  PbSO^). 

In  practice,  iron  containers  nay  be  iised  to  store  sulfuric  acid  having  no 
more  than  25^  water.  This  same  stre:igth  is  also  the  maximum  in  the  storage  of 

e 

mixed  acid.  Mixtures  of  su^uric  acid  with  nitrogen  oxides  load  to  corrosion  of 
load,  in  the.  absence  of  nitric  acid. 

•Of  the  various  acid-resistant  alloys  currently  employed  in  the  chemical 
Industry, .  chromium  iron  and  thermosilld  are  XXMXIIQOIf  stable  to  sulfuric  acid 
in  any  strength  (even  at  elevated  temperatures).  The  so-called  acid-resistant 
chromium  nickel  steels  are  stable  to  sulfuric  acid  only  if  it  contains  nitric 
acid.  In  the  absence  of  HNO^,  their  stability  does  not  exceed  that  of  ordinary 
steel. 

Nitric  acid  for  industrial  use 
must  meet  special  requirements,  just 
as  must  sulfuric  acid. 

Nitric  acid  in  the  form  of  the 
pure  monohydrate  is  an  instable  conqjound 
and  readl]y  dec<mq>oses  in  accordance  with 

the  following  equation^ 

4HNO,  -  4NO,+ O, + 2H,0. 
However,  its  aqueous  solntioB  are 

■table,  and  the  stability  increases  with  Incz’ease  la  the  water  eonteat.  The  beiliag 
peiat  rises  siaultaaeettsly.  Strong  nitido  aeid  bolls  aad  deeoapeaM  at  Aa 


Fig. 8 


Relationship  of  Freezing 


nXES  TeBg>eratiu'S  of  Nitric  Acid  to  Its 
Strength 

a)  Freezing  teiqcerature,  ^G;  b)  Strength 
of  HNOi 
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eharglRg  th*  tTphona,  a  pu^jlag  «t«tl«n,  aiMm  itorag*  fpr  the  nitre  aixbwe 

and  tba  apent  acids,  and  a  tasting  laboratoiy. 

71  Tha  acid  is  drained  trem  tha  tank  ears  after  analysis  has  bean  aads  and  only  If  the 

acid  arriving  at  the  enterprlae  satisfies  the  Speclfloiatlpns.  !&e  acid  is  eiptled 

*  • 

through  the  filler  flanges  by  syphoning,  because  tank  cars  for  acid  haulage  are 

) 

usually  not  provided  with  bottom  drains.  Ihc  syphon  Is  filled  either  from  a  special 

primer  pressure  tank  or  by  punp.  In  the  letter  altematlve,  the  receiving  tank  must 

be  lower  than  the  tank  car  bottom.  ESnptying  may  also  be  done  by  vacuim. 

Figure  9  illustrates  the  procedure  for  ' 

emptying  the  acid  by  syphon  primed  from  a  pressure 

tank  having  a  permanent  reserve  of  acid.  This 

tank  is  filled  by  the  same  ptm^)  that  serves 

to  transfer  the  liquid  from  the  receiving  tank 

to  the  storage  reservoirs.  Prlmipg  of  the  pump 

may  also  be  done  from  the  pressure 'tank.  Because 

of  the  difference  in  levels  between  the  tank  car 

and  the  receiving  tank,  the  liquid  is  than 

transferred  by  gravity. 

Figure  10  shows  the  method  of  o^tying  acid 

from  railway  tank  cars  by  means  of  a  syphon  filled  by  pimq},  serving  simultaneously  to 

transfer  the  acid  from  the  receiving  tank  to  storage.  In  this  arrangement,  the  receiving 

a 

tank  must  always  retain  m  quantity  of  acids  sufficient  to  fill  the  eyphm. 

Plgarm  11  Illustrates  the  emptying  of  acids  ttm  railway  tank  oars  lata  a 


P4g*9  -  Sip  tying  Acids  by  Syphon 
with  Pressure.  Tank 
1  -  Tank  oar;  2  -  Receiving  tank; 
3  -  Pun^);  4  Pressure  tank 


recalviag  tank  aador  vmouw* 
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Aftsr  the  reoelylng  teak  has  been  filled  with  aold,  the. tank  la  almya  «|?tiedi 


by  pvap  into  the  atorage  reaenroir.  . 

The  ea^tylng  of  oleum  ia  more  ooa^Hoated  pi  winter  time,  beoauae  it  fraesea  at 
-11°C  (20^  oleum)  Si  in  the  tank  cai',  when  ehipped  by  rail.  Frozen  oleum  nay  be 


Fig.  10  -  ai?)tying  Adda  by  Syphon  . 

and  Pump  •  .  ’ 

1  -  Tank  car;  2  -  Receiving  tank;  3  -  Pun?5 


Fig,  11  -  Vacuum  Siptying  of  Adds 
I  -  Tank  oar;  2  Receiving  tanks;  3  -  P'wp 
a).  Vacuum 


1 


l 

! 


enqatied  in  one  of  several  ways.  One  SSMSX  consists  of- placing  the  tank  car  into  a 

*'  .  . 

special  steam-heated  structure.  The  tank  car  remains  in  the  structure  until  the  entire 
frozen  mass  of  oleum  has  melted,  whereupon  it  is  then  drained  by  one  of  the  methods 

indicated  above.  -This -method  is  uneconomical 


72  Fig.  12  -  Diagram  of  Circulation  Thawing 

of  Oleum 

1  -  TSnk  ear;  2  -  Poap;  3  -  Heater; 

/ 

4  Areeeture  tank  for  thawed  olarn 
a)  Steam;  b)  Cwdenaate 


because  of  the  large  amount- of  steam  that  has 
to  be  e;^ended.  Moreover,  the  tank  car  must 
sometimes  remain  in  the  heated  struoture  for 
a  period  of  days. 

A  more  practical  procedure  is  the 
circulation  BMthod  of  heating  the  oletaa 
(Fig .12),  perfoxmed  by  sanding  preheated  eleip 
(1500  >  2000  Itr)  late  the  t«dc  onr.  Its 
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hMt  eaiuM  ft  portion  of  tha  froian  olanft  to  mlt.  Thla  Mlted  olaoi  ia 


piaqs,  drlvon  through  a  haatar,  and  ratnmad  to  tha  tank  oar,  until  all  tha  olaoi  ^ 
tharaln  has  malted,  idiarat^on  tha  pua^  la  awltehad  to  deUvary  of  tha  olaiai  Into  tha 
storage  collectors,  and  tha  tank  cai  Is  eBQstled. 

Adds  capable  of  freezing  dtiring  the  cold  season  of  the  year  (oleum,  96$  coaoMrelal 
sulfuric  acid)  are  stored  In  heated  buildings > 

B.  Calculation  of  Acid  Mixtures 

Mixed  acid  for  nitration  may  be  made  either  frcin  fresh  acids  or  mixtures  thereof, 
or  from ‘spent  acids.  Calculation  of  the  mixed  acids,  particularly  .when  three-con^jonent 
initial  mixtures  are  employed,  is  rather  con^slex  arithmetically.  It  is  much  sin^jler 
to  solve  this  problem  analytically  or  graphically.  Nomograms  must, be  available  if 
the  latter  method  is  to' be  used.  XKIi 

The  analytical  method  of  computing  mixbd  acids  by  compiling  balance  equations. 

•  *  t  * 

Let  us  assume  that  itIX  is  necessary  to  prepare  an  acid  mixture  of  N$  HNG3,  S$  H2SO/J,, 
and  W$  H2O,  in  the  volume  of  G  kg,  consisting  of  throe  initial  mixtures: 


•  HNO,* 

HiSO^X 

H,0* 

first  mixture  . . 

.  "1 

*1 

W| 

second  mixture . 

S3 

W| 

third  mixture  . 

"1 

is 

•s 

In  order  to  obtain  G  kg  of  mixed  acid,  one  needs  x  kg  of  the  first  initial  mixture, 
y  kg  of  the  second,  and  z  kg  of  the  third.  The  sum  of  the  weights  of  all  the  coBq)oneBts 
of  the  required  mixture  is  WponCt  equated  to  the  S  weight  of  the  mixture  to  be  pr^wred 
(a  weight  equilibrium  equation} 

»*  (1) 


The  mmuA  ef  mltrle  aeid  monohydrate  that  will  be  la  the  miasd  asid  la  MUipafatlaB 


72  la  ajqpraaaad  by  tba  follonliig  aquation  (nltrlo  aold  balanea  aquation) 

■*•*« OAf, 

tha  aamunt  of  sulfuric  aold  lAitiKit  (sulfuric  acid  balanea  aquation)  la 


X‘S,+y>s,+t‘S,^OS 

and  tha  amount  of  water  (water  balance  equation)  Is 


X-V,’i-y-V,  +  Z-VtmmOV'. 


When  we  have  jointly  solved  eqs.(l)  -  (It.),  wo  can  determine  the  weight  of  the 


conponents . 


Inasmuch  as,  in  practice,  mixed  acids  are  usually  prepared  from  Individual  acids, 
and  not  from  mixtures  thereof,  this  ccanputation  is  corisiderably  simplified. 

Graphic  method  of  calculating  mixed'  acids.  In  the  Gibbs  triangle  (Fig. 13),  the 
vertices  reprsserit  one  hundaad  percent  content  of  the  respective  components,  the  sides 
represent  binary  mixtures,  whereas  an  infinite  number  of  acidemixtures  of  ternary 


composition  US  Within  the  triangle. 


Assume  that  the  problem  is  to  prepare  a  mixed  acid  of  the  required  composition  D 


from  the  initial  acid  mixtures  Aj  B,  and  C.  If 


we  join  the  points  corresponding  thereto.  A,  B, 


and  C,  wo  obtain  a  triangle  within  which  lies 


point  0.  If,  from  the  vertices  A,  B,  and  C,  we 


draw  transversals  Aa,  Bb,  Co,  we  obtain  bolnt  0. 


Fig, 13  -  Gibbs  Triangle  for 
CoqDutlng  Mixed  Acids 


The  segments  Da,  Ob,  Do  are  temed  the  basis  of 


the  transversals.  We  HUKUHt  knew  frpsi  gsdswtry 


that  the  stas  of  the  ratios  of  ths  bscls  of 
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i  I 


traafmmUm  to  tho  traaoTorMla  thMuolvw  oquols  unity,  i.o. 


^  ^  Ct  ’ 


wh«rt  is  the  share  of  the  first  initial  mixture; 

is  the  sharo  of  the  second  initial  mixture; 

Bb 

is  the  share  of  the  third  initial  mixture. 

Co 

IZ  If  point  D  lies  on  one  of  the  sides  pf  the  triangle  ABC,  it  means  that  the  acid 

«  , 

mixture  of  JtS  the  required  co^osition  ma^y  be  prepared  from  the  two  initial  .acid 

mixtures  alone.  However,  if  point  D  lies  outside  triangle  ABC,  this  means  ohat  an  . 
acid  ■  .  ■ 

mtilli  mixture  of  the  reqtdred  con^osition  SIJEX  cannot  be -obtained  from  the  given  acid 
mixt  ores . 

As  we  see,  the  graphic  method  is  simple  and  obvious.  A  shortcoming  is  its 
relatively  low  aocuraoy.  Therefore,  it  is  desirable  that  this  fee  used  merely"  for 
control  and  for  rough ’computation*’.  . 

D.  Preparing  the  ICC  Mixed  Acids 

Every  explosives  pleint  acid  department  has  an  installation  for,  the  mixing  of  acids. 

and  '  • 

This  Installation  includes  equipment  for  metering,  mixing, /storing  tho  ready  acids. 

The  mixer  must  be  WtXTCgHiiiimtXiimx  such  as  to  assure  an  adeqiute  degrde  of  w-tying 
and  must  ha-ve  ai  cooling  surface  to  remo-ve  the  heat  emitted  as  the  acids  are  agitated. 

When  sulfuric  and  nitric  acids  are  mixed  together,  the  tenqcerature  must  not  be  allowed 

to  rise  beyond  l^O°C,  Higher  totperature  results  in  partial  evaporation  and  decomposition 

■  . 

of  the  nitric  acid.  High  tsn^rature  is  particular^  dangerotu  when  spent  acid, 

containing  IDS  nltro  product, is  anployed. 

Th*  simplest  method  of  mixture  is  that  m^plqrliig  the  bubbling  of  air  thiwngh  thn 
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Mid  (Fig.l4)*  Romvvr,  it  is  ussd  oa.17-  in  rars  essM,  u  ths  bubblm  ndoffs 
•xtrMrdiasry  corrosicm  sad  HX  bscoM  ologgsd  with  dspcsits  of  ■iaersl  WOSL  ssX'i|» 
Nbrtovwr,  HRO3  sad  SO3  is  txpsUod  fron  ths  nixsd  soid,  and  it  luidsrgoss  dilution  tagr 
ths  aiolsturo  of  ths  air. 

A  sors  widely  used  method  of  mixing  of  acid^s  la  that  ao^loying  a  cireolatirji 
pump  (Fig. 15),  which  pemlta  ths  mixture  to  be  driven  through  a  condsnssr  at  ths  same 
time. 

Upon  congiletion  of  the  MUHflffi  nixing,  the  ready  mixture  is  forced  out  of  ths 
mixer,  idien  the  first  approach  is  used,  by  compressed  air,  through  the 

condenser  Into  XKIi  storage,  whereas  under  the  second  approach,  delivery  of  the 
mixture  into  storage  Is  performed  by  the  same  pump. 

Mechanical  mixture  of  acids  if  a  proper  oopling  surface  is  present  within  the 
mixer  (for  example,  a  coil  or  jacket)  is  a  higher-output  method,  and  requires  less 
space  (Fig.  16),  arid  therefore  it  is  employed  at  all  plants  where  ready-made  mixed 


Fig. 14.  -  Coiqjrsssed  Air  Mixing  of  Fig. 15  -  Circulation  Mixing  of  Acids 

Acids  1,  2  -  Metering  devices;  3  -  Mixer; 

1,2-  Metering  devices;  3  -  Mixture;  4  -  Condenser;  5  -  Storage;  6  -  Pus^) 
4  >  Condenser;  5  -  Storage 
a}  Ccaqcressed  air 


Midt  ar*  nssd.  Tha  mSodug  ipacd  is  dstsmlasd  slaest  sntirsly  bjr  ths  hsst^swgljwsirtai 


data  for  the  appariXva,  sad  thsrsfore,  a  speeding  of  the  cooling  proosss  in  ths 
■akes  it  posSlbls  to  Incrsass  the  output  capacity  of  the  sqalpaont. 


Ths  mlxMt  has  to  be  provided  vrith  a  local  type  of  ventilating  device,  bsoauss 


a  gas  phase  containing  nitrogen  oxides  Is  present  above  the  nltro  mixture. 

Because  of  the  aggressiveness  of  the  acids,  the  sequence  in  which  the  coqionsnts 
are  charged  into  the  mixture  is  of  major  significance  in  batchwise  mixing.  If  ths 


mixer  is  of  a  standard  steel,  the  acids  must  be  charged  in  the  following  sequence: 


l)  VKXKSX  strong  sulfuric  acid  (oleum  or  commercial  sulfuric  acid);  2)  nitric  acid; 

3)  water.  The  mixer  is  of  chrome-nickel  steel,  the  sequence  with  which  the  coi^onents 
are  charged  is  changed  to:  l)  nitric  acid;  2)  strong  sulfuric  XZX  acid;  3)  water. 


Flg.l6  -  Mechanical  XpXiXlXK  of  Acids 
1,  2  -  Metering  devices;  3  -  Mixer; 
k  -  Storage;  5  -  Punp 


Fig.  17  -  Continuous  Mixing  of  Acids 
1,2  -  Pressure  tanks;  3,  4  -  Metering 
devices;  5  -  Mixer;  6  -  Receiving  tank; 
7  -  Pun?) 


U 

Batchwise  mixing  of  acids  usually ^enployed  only  where  the  mixed  acid  must  be 

Whereas 

accurate  to  very  high  precision,  and  consunqption  is  cosqcaratively  low.  Xt  aehieveMBt 


of  high  accuracy  in  mixture  oos^sition  is  a  positive  quality  of  this  arraagemwatt  the 


buUdMu  of  the  •qulpamit  oftm  coo^la  this  to  bo  abandonod,  and  oontiaaon* 

S. 

■? 

to  bo  subatitutad  tharofora. 

Contlnuoua  mixing  of  acida  ia  parfonned  in  aocordanea  with  tha  diagram  illuatratad 

in  Fig. 17,  wherein  we  aee  that  componenta  coating  from  praaaure  tanka  tX.  are  dollvarad 

continually  into  the  mixer  by  gravity,  via  metering  devicea.  -The  finiahad  laixtura  flow* 

a>' 

into  the  receiving  tank  and  le  then  puliQsed  continually  into  storage  by  ^centrifugal 
pump.  The  output  rate  of  spi^  equipment  for  continuotts  mixing  ie  increaaing  very 
rapidly,  and  is  limited  only  by  the  removal  of  the  heat  3DC  emitted  upon  mixing.  The 
temperature  in  the  mixture  iOfX  is  iistmlly  held  to  not  over  50°C,  for  the  reasons 

indicated  above.  The  charging  of  the  ccHi9)onent8 


is  virtually  simultaneous,  in  continuous  mixing, 
but  when  the  unit  is  started  it  is  necessary, 
if  corrosion  is  to,  be  avoided,  to  use  the  same 
sequence  of  charging  as  in  batchwise  mixing. 

A  principal  piece  of  equipment  used  consists 
of  a  mixer  and  metering  device.  The  sin^lest 
design  of  continuous  mixer  is  that  illustrated 
in  Fig.  18.’  The  appiuratuB  consists  of  a 

a 

cylindrical  vessel  with  a  spherical  top  and  bottom. 
The  upper  portion  of  the  cylinder  contains  a 


Fig. 18  -  Mixture  drainage  flange  for  emission  of  the  finished 

1  -  Shell;  2  -  Jacket;  3  -  Coil; 

mixture,  >diereas,  within  the  cylinder,  and 

4  -  Ii^ller  shaft;  5  -  Drainage  . 

flange;  6  -  Drainage  tri^  opposite  this  flange,  la  a  drainage  tr^p,  ■alrl.ng 


it  ponslbl*  to  roaovw  the  nitro  mixturo  trm  tho  lowvr  portion  of  tho  tppan^m*  A* 

eo^)OBonto  to  bo  nixod  aro  doliforod  to  tho  vppw  portion  of  tho 

location  of  the  coll,  the  passage  of  the  agitator  through  the  top  of  tho  apparatus, 

the  themcowter  and  other  details  are  analogous  to  details  found  in  batch-tjrpe 

nltrators.  Contlnuoiis  metering  of  the  con^onenta  can  be  perfonaed  through  metering 

plunger 

devices  of  various  designs:  variable-area  flow  meters and  membrane  pus^s, 
etc.,  for  liquids;  and  hoppers  with  belt  or  worm  conveyors,  in  the  case  of  solid 
substances. 

E.  XKS  Reworking  the  Spent  Acids 

Section  i.  Denitration  of  Spent  Acide 

The  '■  motion  of  the  denitration  shop  is  to  process  the  spent  acid  so  as  to  extract 
tho  nitric  oxides  and  nitric  acid  converted  into  weak  nitric  acid  by  means  of  an 
absorption  system.  .  Further  processing  of  the  denitratod  sidfiu*ic  acid  thus  obtained 
in  the  concentration  shop  makes  it  possible  to  produce  an  acid  IXX  suited  for  recycling 
for  nitration.  Thus,  a  denitration  installation,  combined  with  a  concentration 
installation,  Ttiakes  it  possible  to  sot  the  closed  cycle  of  utilization  of  sulfuric 
acid,  as  a  nitration  medium,  and  to  retiun  for  nitration  in  the  form  of  weak  nitric 
acid,  the  nitric  oxides  and  nitric  acid  in  the  initial  spent  acid. 

Special  reqiilrements  have  to  be  met  by  the  spent  acid  if  the  denitration  process 
is  to  be  performed  successfully  and  without  danger.  They  pertain  to  the  level  of 
nitro  product  content  therein,  aol  the  strength  of  the  sulfuric  acid.  The  presence  of 
nitro  products  In  the  ipent  acid  is  undesirable,  IX  inasmuch  as  they  are  driven  off  into 


tbs  dsnitratlon  eolurntn  and,  mtering  the  apparatus  of  the  absorption  systsii,  eoBtaaiaatea 


th*  nitric  acid  prodtwcd  vith  products  of  rMinifioaticm. 

The  acid  to  be  dfnltratad  nuat  not  sontain  aora  than  2X  nitre  pradneta. 
the  praaenee  of  any  nltro  product  is  pamiaslble  only  in  the  fom  of  the  aemoaitre 
derivative.  The  presence  of  polynitro  derivatives  may  make  the  process  subject  to 
ei^losion*  However,  mononltro  derivatives  also  undergo  nitration, to  dl-,  and, 
particularly  to  the  highly  eaplosive  trinitro  derivatives  in  the  process  of  denitration 
and  this  must  always  be  borne  in  mind.  The  spent  acid  is  subjected  to  long-tem 
settling  before  it  goes  to  denitration,  in  order  to  extract  nitWi  the  nitro  products 
to  the  maximum  degree.  • 

Spent  acids  containing  polynitro  derivatives  as  impurities  (resulting  from  the 

production  of  THT  and  picric  acid),  must  undergo  special  cleansing  to  avoid 

precipitation  of  the  volatilized  nitro  products  in  the  upper  portions  of  the  condenser, 

and  the  explosion  that  may  result  as  a  consequence  .  Usually,  polynitro  conpounds  are 

extracted  from  MX  these  spent  acids  by  means  of  organic  solvents. 

As  already  indicated,  denitration  is  a  process  of  ilHKlgl  extracting  residual 

nitric  acid  and  nitrogen  oxides  combined  in  nltrosyl  sulfuric  acid  HNSO^,  fixm  the 

an 

mass  of  dilute  sulfuric  acid.  Nltrosyl  sulfuric  acid  is  itself  BQ  unstable  confound, 

the  crj'stals  of  which  rapidly  decompose  upon  heating.  However,  solutions  of  nltrosyl 

sulfuric  acid  in  sulfuric  acid  at  75^  ^2^4  higher  strengths  are  very  stable.  When 

deconqjosltion 

the  strength  of  the  sulfuric  acid  is  reduced  to  70^>  of  the  nltrosyl 

STilfurlc  acid  proceeds  quite  rapidly.  Increase  in  the  rapidity  of  decomposition  is 

also  facilitated  by  increasing  the  temperature  and  by  the  presence  of  nitric  acid. 

Thia  lattmr  is  eaplainsd  by  the  foUoming  rmaotiooi 

HN0^+HO8(VJllO;SH,SO4+aN(V  ^ 
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Howttt,  th«  ooxieantratioa  of  sulforio  aoid  In  tho  spoilt  ooid  is  tbo  ^tof  ftKHXf 
dotoraijiliig  tho  donltratloB  proooss  rats.  With  inoroaso  In  ooneontratioa,  ths 
diadnishas,  and  vlca  varaa.  Tho  optima  oonoantratlon  of  spent  aold  la  70  -  73% 

At  lowor  coneantratlona,  an  axcoedlngly  wsak  donltratad  acid  la  obtalnsd,  wheroas 
Incroasa  :ii  strength  to  over  72$  H2S02^  raducas  ths  output  capacity  of  tho  donltratlon 
column. 

Thus/  complete  separation  of  nitric  acid  and  nitrogen  oxides  from  nl^urs  with 
sulfuric  acid  requires  dilution  of  the  latter  to  70$,  followed  by  heating  to  a 
temperature  that  makes  for  complete  driving  off  of  the  volatiles.  Tho  nitric  acid 
vapors  resulting  concentrate  into  liquid  in  vdiich  the  nitrogen  oxides  are  absorbed. 

Final  oxidation  of  the  nitrogen  oxiaesto  XK  nitric  acid  occurs  as  a  consequence  of 
mixing  with  the  oxygen  of  the  air. 

The  process  of  denitration  of  the  spent  acid  is  most  SS  simply  performed  in  a 
■  denitration  column  provided  with  condensers  for  cooling  the  nitrous  gases,  and  with 
an  absorption  column  for  absorbing  them,  with  subsequent  conversion  to  nitric  aoid. 

Figure  19  depicts  the  ^  design  of  a  denitration  system  consisting  of  a 

denitration  column,  a  condenser  from  >rtiioh  tho  nitro  product|(r  with  tho  wsak  nitric 

acid  flows  into  a  separator,  where  it  undergoes  separation,  and  the  nitric  acid ’flows 

it 

lnto*a  receiver  from  which,  a  centrifugal  punp  dolivors/to  concentration.  The  spent 
acid  is  delivered  from  the  settling  column  to  a  pressure  metering  tank,  from  which  It 
flows  to  the  column  into  which  live  steam  Is  delivered  through  a  tube.  The  denltrated 
aoid  flows  from  the  column  through  tfciXXH  an  hydraulic  seal  into  a  reuelver  from  wfaioh 
it  iM  delimsred  to  omoentratlon  by  a  oentrifngal  pnsp*  The  acid  receiver*  are  •qidppsd 


with  oolls  into  irtiieh  wntor  ia  dolivwpad  for  ooollng 


Th«  denitration  ooluan  is  asds  of  aoid^rMlstant  ■atsrial  with  paeldag. 
eoltan  is  oads  of  stasl  lined  with  aeid-reslstent  plates.  In  reoent  years,  oolnns 
consisting  of  12  -  14  Individual  rings  of  silicon  themoslUde  aountsd  on  a  foundation 

e 

of  acid-resistant  ca^t*  iron,  have  coma  into  uso.  Bstween  the  rings,  plates  with 
central  openings  are  fastenedj  they  have'  flanges  covered  by  a  hood  with  ipertTa^s . 
left  for  the  passage  of  gas.  *At  the  top,  the  column  is  covered  by  a  hemispherical 
co-ver  with  the  flange  for  removal  of  nitrous  gases. 


Fig. 19  -  Diagram  of  Denitration  System 
I  -  Denitration  column;  2  -  Condenser;  3  -  Separator;  4  -  Nitric  acid 
reciiver;  5  -  Pun^js;  6  -  SettJing  column;  7  -  Motoring  tank;  8  -  Noszle 
for  introduction  of  ll've  steam;  9  -  Sulfuric  acid  receiver 


The  spent  acid  is  sent  into  the  upper  portion  of  the  column  through  a  distributor 

« 

in  the  form  of  a  stream  O  that  irrigates  the  packing,  passes  through  tLs  slit  between 
hood  and  plates,  and  drips  'downward  counteroirrent  to  saturated  JOEL  or  overheated 
steal  (250°C)  delivered  into  the  lower  portion  of  the  colon* 

The  ohSBistry  of  the  denitratlo  process  loy  be  eaylalnsd  as  foUews.  Sis  sp— t 


mU  entering  the  ooltam  le  heated,  end  the  altrio  eeld  it  eontoiae  nnderpee  wnylilit 
deooiqsositlon  in  eeeordenee  with  the  following  equation  ^ 

HNOk -f  HOSOPNO  H^«-f  2NO,. 

under  the  influence  of  the  steal. 

The  renalning  nltroayl  aulfurlc  acid  deeoa^osea 
aa  It  paaaea  through  the  column.  In  accordance  with  the  equationa: 

2HOSO,ONO  +  H,0  aHjSO,  +  NO  +  NOi; 

HOSO,ONO  +  H,0  HjSO,  +  HNOf 

The  nitroua  acid  that  ia  fomed  decompoaea  further,  becauae  of  its  instability, 
in  accordance  with  the  following  equationa: 

2HNO,  —  NO  +  NO,  +  H.O; 

3HNO,  —  2NO  +  HNO,  +  H,0. 

The  nitric  acid  and  nitric  oxides  obtained  as  a  consequence  of  the  decoaqsosition, 
as  well  as  the  nitro  products  dissolved  in  the  spent  acid.are  driven  off  from  the 
column  into  a  condenser  by  'live' steam.  The  nitro  product  nitric  acid  and  steam 
condense  in  the  condenser',  and  the  residual  gases  go  into  the  absorption  column.  The 
denitrated  spent  acid,  containing  67  -  7C^  H2S0/|_  XK  emerges  from  the  lower  portion  of 

a 

the  column 'through  an  hydraulic  seal  into  a  cool  collector.  The  products  of  the 
denitration  apparatus,  weak  nitric  and  weak  sulfuric  acid,  then  go  to  concentration. 
Section  2.  Concentration  of  the  Denitrated  Acids 

The  sulfuric  acid  obtained  after  denitration  is  concentrated  by  flue  gas.  The 
process  occiirs  by  blowing  the  gas  through  two  or  three  chambers  in  direct  or 
countercurrent  motion,  with  the  XXi  aid  of  bubbling  tubes,  through  a  systsm  consisting 
of  strmg  aold  and  hot  flue  gases.  Ths  flue  gases,  at  650  -  1000^  tampsratums,  sr« 
produced  in  «  freo-standlng  fumaea  by  bumlng  residual  oil.  ' 


350 
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thoo  65^  not  moro  than  0*05^  *>id  not  nor*  than  0*5%  nltro  prodoet.  ■ 


Fig. 20  -  Unit  for  Concentration  of  Sulfuric  Acid 

1  -  Furnace;  2  -  Concentrator;  3  -  Condenser;  4: -  Collector  for 

steamed  acid 

•  a)  Fuel;  b)  Air;  c)  Flue  gases;  d)  To  electrical  filter; 
d)  Denitrated  acid 

•The  drum-type  concentration  assembly  (Fig. 20)  consists  of  XX  a  furnace,  concentrator, 
and  an  ele;’trioal  filter  to  trap  the  sulfiuric  acid  fumes,  a  collector  for  the  acid 

I  '  '  ' 

being  •vaporized,  a  condenser,  and  a  collector  for  the  vaporized  acid.  The  furnace  and 
the  concentrator  cire  on  high  foundations  IXX  to  permit  the  acid  to  flow  from  the 
apparatus  to  the  condenser  by  gravity,  and  then  to  flow  into  the  commercial  sulfuric 
acid  collector. 

The  furnace  consists  of  refractory  EC  briclQfork  in  a  steel  jacket  lined  with 
sheet  asbestos.  It  is  s^arated,  by  XXX  a  grillwork  bai'rier,  from  the  chamber  for 
combustion  of  the  fuel  and  mixing  of  the  heated  gases  with  the  reheated  air.  The  air 
required  for  heating,  as  wall  as  the  reheat  ZXS  air,  are  forced  into  the  fumaee  nader 
( inreaeare  iriileh  aesurea  bubbling  of  the  heated  gaeea  through  the  lagrer  eff  aeid  in  the 
ewMenbratcr  ohamhere  . 


in  each  tube.  The  gases  obtained  upon  the  burning  of  liquid  or,  gaseous  fuel  in  the 
furnace,  have  a  temperature  of  650  -  1000®,  enter  the  first  chamber  of  the  concentrator 
under  pressure,  then  go  to  the  second,  and  third,  from  vrtiich  they  proceed  to  the 
electrical  filter  and  then  into  the  atmosphere. 

The  denitrated  hot  acid  proceeds  continuously  by  gravity  through  eui  acid  line 

from  the  denitration  column  to  a  pressure  tank  and  then,  again  by  gravity  flew,  moves 

.  •  ■ 

•  • 

along  with  the  acid  deposited  in  the  electrical  filter  to  a  concentrator  from 

idilch>  moving  countercurrent  to  the  heated  gases^  it  passes  through  the  vaporlxatlon 
chamber  and  enters  the  condenser  in  the  hot  state  (at  a  temperature  of  220  k  250®}. 

The  conmerclal  sulfuric  acid  leaves  the  condenser  at  a  ten^erature  of  45®C,  sad  flews 
into  a  collector. 

The  ooBBMrclal  sulfuric  acid  obtained  as  a  eonsequenoe  of  dsDitratlon  and 
oeBeentraiion  is  either  reused  to  stake  nitratisig  iiittHm  sdxtnres,  er  gee*  to  froAm* 


oleoBi 


Om  of  tbo  Inportont  elMUDtv  la  tho  meld  departamt  of  an  aaiploalTS  plant  alnaiata 
of  absorption  Installations  for  absorbli^g  nitric  oxldos  libsratod  vqran  tHo  dsnltratian 
of  the  spent  acids,  and  froa  the  nitration  ai^aratus.  Absorption  of  nitric  oxides 
has  two  purposes:  ranoving  harmful  elements  from  work  areas,  and  eliminating  losses 
of  valiiable  products  (MO,  NO2,  HK03), 


Fig, 21  »»  Two-Tower  hllMXB  Nitric  Oxide?  Aheorpt-ton  TTnit 
1  -  PuD^;  2  -  Absorption  colujnn;  3  -  Pressure  fewer; 

4  -  Receivers 


ajtU  Satisfactory,  absorption  of  nitric  oxides  is  achieved  if  there  are  two  absorption 
towers  as  shown  in  Fig. 21.  An  increase  in  the  number  of  towers  makeSiX  for  more 
complete  absorption  of  the  nitric  oxides. 

The  mixture  of  gases  containing  nitric  oxides  is  driven,  by  fan,  into  the 
absorption  coliimn  filled  with  Raschig  rings  and  Irrigated  with  water,  >diich  enters 
the  column  from  a  metering  pressvure  tank  or  water  main.  Oxidation  of  NO  to  MO2  occurs 
in  the  first  column.  The  nitric  acid  converted  in  this  column  flows  into  a  coUector 


ami  is  delivered  from  there  by-  pmqp  to  the  acid  departmmt.  The  gases  «itted  trm 


the  first  eolusB  are  directed  to  the  sscead  eeliHi  for  rembsorptioa.  This  eolmMi  tiM 
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th«  MM  ■•ttq)  M  th«  flnt,  ia  whleh  th*  raflux  of  tho  oiilfiirio  Mid  eoaiag 

tho  prMsuro  tank  oeours.  Tho  nltrosyl  sulfurlo  Mid  fomtod  in  this  oolun  flswi 

into  tho  rocel'ver,  from  whleh  it  is  pumpod  bMk  to  tho  donitrotlon  d^>mrtBsnt,  and 

partially  into  tho  prosa'oro  tank. 

80  Figuro  22  shows  another  doelgn  of  throo-coluon  absorption  soti^i.  Tho  first 

("a  ,  .  .  '  ■  ■  • 

column  xindergoes  weak  nltplc  acid  IS  reflux,  tho  second  has  water  reflux,  and  tho 

third  -  Umo  water  from  pressure  tank. 

* 

The  nitration  departments  a.lso  hkve  absorption  Installations  of  this  kind,  as 
considerable  quantities  of  nitric  oxides,  nitric  acid  vapor,  and  in  some  cases,  oven 
vapors  of  the  nltro  products  are  liberated  from  the  nitrators  in  operation.  The  gMOs 
are  picked  up  frcm  this  apparatus  into  a  gas  line,'  and  channeled  to  tho  absorption  '• 
stations.  To  trap  the  nitric  acid  and  niti-o  product  vapors,  the  gases  are  pewsod 


N 


Fig. 22  -  Diagram  of  Three-Column  Installation  for  Absorption 
of  Nitric  Oxides 

1  -  Absorption  columns;  2  -  Pressure  tanks;  3  -  Fan;  4  -  Pmqj 
a)  To  atmosphere;  b)  To  HNO3  collector;  0}  To  waste  drainage 


into 

through  a  special  condenser,  from  i^loh  condensate  flows  IMiiliyjP  a  speoial  tank,  froa 
Ufaieh  it  is  drivsB  lute  the  weak  nitric  Mid  storage. 


M 


OURBt  T 


c— MTtr  an  nsamum  wnm  ccdmw  er 
iiottne  aotzB 

A*  ffT  iM  ft  Wiiw 

m  !■  obtaljMd  by  th«  altMtim  of  t*lwKc.  Six  iseaira  of  IMT  ar*  law*, 

■  •  .  •  •  '  ,  *  4ut 

batlag  tha  mm  g«Mral  ftonmla  C(fl2y^2/^it  diffariat  by  tha  diffanma  la  tka 

•jaaitlaaa  af  tha  altro  gratia  la  tha  baaxaM  jiija*  rlag,  aad  tharafara  hariag 

dlffarant  physleal-ehaKLeal  pr^artlaa.  The  HT  that  has  praetieal  utUiMtlaa 

eaaaiats  prlaarlly  of  sy^Bkrleal.  or  H  a-lsoaer  awaniaag  triaitrotalaaiw. 

TRT  aas  first  praduoad  la  Id63  (Blbl*l),  sad  latradaead  late  analtioas  nsa 

at  tha  baglaalsag  of  tha  Anatiath  Caatsry.  It  HUbbs  baaaaa  tha  Mat  lapartsiat 

aoqiloslTa  as  aarly  as  Marld  War  I.  Its  prodsotlaa  aahlarad  partlaularll;  large 

seala  dtirlng  World  War  H,  as  is  SBDll  arldsat  frai  data  la  Table  11.  The  aaqMoltjr 

of  SOM  pladts  aalriag  TWT  reached  40,000  teas  per  year. 

•World  Warn, 

Psrlag  Mif  bssaMHIMtflMi Wsr^  IST  ms  the  Mjor  high  a]q>loslTS.  WharaM, 
darlag  World  War  I,  ethar  sttra  darlsatlras  BBi  of  aroMtie  caa[|pe«ads  ware  aavleyad 
1b  oeasldarabla  qsaatltias  la  addltiaa  to  TIT,  darlag  HX  World  War  11,  HT  ar 

a 

alztaras  based  tharaaa  (saaatals,  allays  af  HT  aad  SBX,  ate.)  had  the  field  aatlraly 
ta  tbOBsalrss.  Thos,  far  aaaapla,  tha  aeaa  asatbly  as(^M^  af  tbs  Oanaa  war  plaafes 


'ww'disfagtifd,  altratalaiasa  eaaUialai  the  Mg  -la  tts  sida  ahala,  tm  MHpla, 
■llPHiMylimtf— tiMs,  abialU  hyJllwii  ia  lf4t  (MKUt)* 


o 


(ia  t«s)t 


. . n,m 

Pierle  Mid  . . t50 

IBZ  . . 700 

1  oltrat* . 34.000 


T«bl*  U 


■ 

i  . 

b) 

1908 

1918 

C) 

4) 

US  . 

49860 

189  131  (1943) 

«i 

— 

60000. 

180000  (1989  . 

f) 

—  : 

— 

•  6oji*e  1 000000  (1948) 

a)  Couatryt  b)  iamial  HT  eviptit  ia  tou;  o)  Saeoad  World  Wart  d)  Oonunjrt 
*)  fttglaadt  d).nSA 

HT  ia  also  n  iddoly  «ig>le7od  to  prod^eo  iadastrlal  osiploolTM.  tho  dMoad  for 
attaiao 

idiloh  nZiiBDQDI  hnadrodo  of  tboooaado  of  toas  por  yoar. 


tarisaat 

Tho  ehlof  adraat^  of  TIT  it  tho  fMt  that,  althoagh  it  io  a  bright  hwiaiti 


oaq^looiTO  of  rathor  high  poMor.  it  io  ooaparatiTO^  iasoasitiro  to  ■ochaaleal  offoets, 

•  •  ’  ^  *  • 


idiieh  ■akofl  poooiblo  ito  oao  ia  tho  leodiag  of  all  kiada  of  maltioBS,  iaeladiag* 


azaer>9lorelag  aholls.  A  lar^  ■  ''areo  of  oi^ply  for  TIT  prodaetioa  io  availablo. 
ito  . 

Thaaka  to  HI  hi^  ota«ioal  otability.  tho  ehoaieal  aad  oavlosioo  proportloo  of  TR  aro 


rotaiaod  oroa  apoa  loag  Toaro  (doeadoo)  of  atorogo.  lonoror.  ita  liadLtod  roMtiritj 


■akoo  it  poaaiblo  to  aao  it  ia  tho  MumfMtaro  of  a  aadbor  of  otbor  oayloalTaa.  for 
oaoiVlo.,  oarioaa  aixtaroa  aad  allaja  with  UX.  aad  aijctaro  alth  ammim  aitmta. 
fkti  l^ffvfag  Hm  ampljr  af  am^boaioWf  akiA  la  mi  MMoattagXjr  ikpaHiit  iwkav  la 


IK 


m''-/ 


tl 
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r 


tMtiMi  1.  SMLSibiii&i&Q-i£ 

■■8  Vkm  lafcinMilrt—  ywiMid  t«iUM 


,8£,ll!i.BHttnft  yhntf 

aiiHt 


Ite  •iarttag  aBUrlali  far  tha  aaMaftaiifa  af  Wt  arat  talaaaa, 

avlfarie  aal8a.  Nra  taliMaa  C^j-CH^  la  a  aalarlMa,  hli^il/  rafraatlta, 

ligaid.  Ita  aaltiac  palat  la  -95*  (Blbl.3),  Ita  bolUag  palab  110.6*,  apaaii>  j 
20* 

frarlty  d^e  ■■  0*867.  Talaaaa  Ifaitaa  raadlly  aad  bnraa  with  a  aaaky  flaaa.  It  la 
aa  azealleat  aolvaat  far  orgaalo  aobataaeaa,  aad  la  Itaalf  raadUj-  aelttbla  da  alaahal, 
atbar,  aad  ethar  aolrtata.  Chaalealljr  apaakiag,  talaaaa  la  a  hlfhljr  raaetlra  aahataaaa.  i  I 


Iha  hydregaa  ataaa  la  tha  baaaaaa  rlag  diflliaiidaaawa  of  tolTiaaa  ara  raadlly  raplaaad 
hgr  Tarlana  gn>tg>a  or  atoas  (IO2,  SO3H,  OR,  J,  Cl,  ate*).  Radar  tha  affaat  af 
aaddlaars,  t'>ia  sida  ohaln  HI  ezidlmaa  through  tha  oarbeaT-l  gjrovp,  aad  tha  IBI  talaaiM  ^ ' 
eaararta  to  baoaole  acid. 

Coal  aad  patrolana  ara  aataral  aaareaa  af  talaaaa.  Talaaaa  la  abtalaad  fraa  aaal 

oaka.avaa  | 

hr  traatMBt  with  coal  tar,  dry  dlatlUatloa  predueta,  aad  tr^pplag  af  mpEHIIlI  gaaaa.  j 

Talaaaa  | 

WadilWiL  la  darlrad  froa  patrolaoB  althar  la  direct  dlatlUatlaa  ar,  aaat  frafaaatly,  j 

■I 

with  tha  parpaaa  of  aarlehlag  tha  flrat  fraotlana  of  patrolana  with  aranabla  fa]rdraaartaas* 

aubjaetad 

Thaaa,  tha  karaaaaa  fraetlaa,  ara  flrat 3f|||||ptV  to  pjrolyala. 


Talaaaa  ,1a  alae  abtalaad  by  eatalytla  aroBatlaatlaa  af  aiR>hthaaa  aad  paraffin 
hydraaarbaaa  la  patrolana.  Thla  praeaaa  waa  widely  aaad  la  tha  Qaltad  Stataa  dariag 
Warld  l&r  n,  aad  la  athar  eaaatrlaa  la  aabaagaaat  yaara.  Tha  aoparatlM  aad  final 


alaaaaiag  aaplayad  tharaia  laalada  aaaatraplo  dlatiUatloB,  astraatloa  dlatlUatlaji, 


aatraatlaa  by  aalraata,  aad  alaaalag  by  teat. 


af  tte  mlatlwaly  lav 


af  talaiaa  ia  Mtaml 


m 


HyatlMii*  tclMM  it  prtdm^i  ia  a 


13  ■wwfMtw  bgr  iQraikMis  la  MaaiMiT* 
aa^t 


1 


I 


1)  fr«i  bmsai*  aad  Mthaaol  (aa  ialaatrlal  aaUwd  widaly  taplayart  in  Oaiaaagr)} 

alOarila, 

2)  fr«a  banatM  and  dlshXuMtbaaa’la  tha  presanaa  af  alwriai  tMBtf  aith 
aabaaqaant  hjrdratioB  tqr  dlphaajrlathaaa  ia  tha  praaaaaa  of  aiekalf 

3}  fraa  baaaaBa  mad  aatl^lohlerida,  alaa  lx  tha  praaaaea  af  alnaiaaR  ehlarida. 

Ia  rlom  of  tha  loa  bolliiis  paiat  af  aathflehlorlda  (2%),  tha  aabatitatiaa  raaatiaa 
haa  to  ba  parfonaad  tmdar  praoaara.  Thia  eaapUeataa  tha  praoaaa  aad  ia  a  ahertoaaiac 


of  tha  aathod. 

Syathatlo  tolnana  darlrad  frem  banaona  aad  diehloroathaaa  ia  eoataaiaatad  bgr 

/ 

raaiaa  aad  dlphaaflathaao,  and  whoa  obtalaad  from  baaaana'aal  aathylohlorida,  it  ia 

e<ata^iaatad  by  i^lonaa.  TolsaaO  obtainad  f^ea  aatnral  aotureaa  ia  alaa  not  a 

ehoadoally  pnro  preduot.  ToImbo  from  eoal  eoataiaa  parafflal^W  olafiadolqdroaarbaaa, 

nboaa  boiliag  point  approziMtaa  that  of  tolnana.  lapnritiao  aay  rna  to  U  or 

Aalda  froai  parafflna,  telnaaa  eoataiaa  approzlaataly  1  -  1.5IK  of  baasaaa,  0.5  -  2% 

itjrlomo,  and  iaaicnifioaat  qnaatitioa  of  phanola  aad  pyridiaa  baaaa.  la  patralaoB  aad 

aabjoetad  to 

pyi^gaaotlo  tolnoaa,  mat  jahjahniih  apaoial  elaaaalwg,  thara  ara  gaaaliaaa,  aaaatiaas 
attaiaiag  10  -  15%  af  the  abala. 

Iltratian  af  eoataadaatad  talaaaa  yialda  a  tttntaal  if  tad  aitra  eaapanal 


aad  alaa  raanlta  ia  alaratad  oamaivtlaB  af  aitrlo  aeid  la  tha  aiidatiaa  af  aartaia 
af  tha  iifiarltiaa  (parafflas»  phaaala)  (Bibl4')*  Hawanar,  it  is  haUf  ia  OanMqr  ml 
JkslMl*  that  tha  aaparatiaa  of  iapnrttlaa  af  thia  typa  la  mra  prafitahly  pwrfwal 
afhm  tha  talama  hm  ham  aammrtal  ta  mamllaa  awipamia*  lamimah  m'  tha  haDihl 


9t  th*  lBbt«r  Is 


tiuai  lOC^  kil^hv  bhsa  tbs  bsillaj  psAat  s^ 


is  ssMiisrSUjr  ssslsr  is  iriss  tiMi  sff  (Bibl.5). 


•  Tbs  wst  adsslnbls  iianarltlss  srs  bsssis  sai  sspsoislljr  igrlsss.  A  slalatsrs 

sf  bMSSM  la  tolatas  rsituss  tbs  ftrsssiBg  pslai  sf  tbs  rm  TIT  sMsiasi  br  0.35** 

ifesrsas  ths  prassaes  sf  sgrlsas  rsdasss  it  bjr  1  -  1.2*.  Osssllast  alss  esastltats 
(  '  .  ■ 

harafol  aSaiztnrss  la  tolusas*  Tbagr  oaldlss  la  ths  parsssss  sf  altrstlsa.  ia  sidltisa 

ts  ths  asasMa>tlsa  sf  altrle  sold  this  givss  rlss  ts,  it  rssalts  la  dilatlsa  sf  ths. 

Bixtars  ndsrgslac  aiWatisa  bgr  ths  wstsr  saittsd  la  ths  i>ota«s  sf  szldstlaa.  iMb 

1%  sf  fssoliass  la  ths  tslasas  rsqiiirss  spprsxiaatsljr  sa  sddltisaal  10tl  25  kc  sf 

I  " 

altrle. asld  psr  IBl  ton  sf  IVT.  Ths.aasaturatsd  hyirsesrboas  aeo«apaa^i(  the 
tslasas  also  exldlts  la  ths  preesss  of  altratlea.  Ths  esasaaptioa  of  altrle  aeid  iqm 
the  szldatleB  thereof  iif»  wfaaa  eoqiatsd  for  0.1  igt  broads  aiadMr  sf  -tslaeas,  eeass 
ts  6  kg  per  tsa^  of  ITT.  ol'  0.5^  bf  weight  of  the'  satire  aaoaat  of  aitrte  aeid  eaqpeaisd 
I  i  qpsB  aitratlcm. 

Thas,  tbs  oeq^itiea  sf  ths  tolasas  has  a  slgalflesat  offset  apea  ths  qpalltT’ 
msterlsl 

sf  ths  TUT,  raw  —tSSUl  esaso^isa,  aad  ths  Tisid  eapaoltT’  sf  ths  appsratas.  Thsrtfsrs, 
the  iaq>aritlss  esatsat  sf  IZX  tslasas  assd  for  altraUsa  la  held  ts  spssifis  Halts. 

Tbas,  tslasas  tvm  seal  la  rsqplrod  ts  be  a  eelsrlsss  1BB9  traaspareat  Uqaid  sf 
spsoifie  grafltx  O.S65  1  0.003  at  15*C*  dlatiUlag  at  tsiysratars  withla  ths  raags  sf 
109.0  -  111.0^,  .esrrsspsaliag  ts  a  seatsat  sf  ast  asrs  thaa  1^1  bsas«M  sad  0.3SS  ivlsas. 
Tslasas  flaa  oil  ahsabl  havs  a  qteslfls  graattp  sf  0.865  1  0.003  at  15*0,  aal  ahsalA 

e 


fs  osar  la  tbs  laags  sf  109.0  -  lll.j^**  ssrrsspaadlaf  ts  as  asrs  thaa  2.21^  gaasHass 


tlMPtfit  Ufimm  l8  ast  immk  ia  tilaws  Dmi 


m 


is  ftAafhm  !•  Am  t*  tiM  flwi  that  a  graatar  qpntlt^  af  lipvitiai 

•a?" 

r 

yanriaathU.  Thta,  it  la  oatarataat,  raaiara  aitfatiaa  aai  th*  paataatiaa  af  parity 

m  aara  diffievlt. 

Tha  waatwatad  hydraaarbaM  eaataat  a/  talaaaa  la  datanlaad  by  titratlaa  altk 

braalaa..  Tha  broMaa  tltar  ahaaiag  tha  aPbar  af  graaa  af  braaiaa  aaadad  ta  taka  ay 

•  « •  ,  ■  • 

tha  naatwatad  taydraaarbaaa  la  100  ea  af  talaaaa  ahaaU  aat  aanaad  0.0  p  far  aaal 

talaara,  ar  0.ij.  p  far  patralaoa  talaaaa. 

Tha  qatatity  ca  daaataratad  bydraearboaa  la  alaa  datamlaad  by  taatlaf  with 

attaching 

aolforie  aeld.  Snlfnrie  acid  raaata  with  tha  nnsataratad  hydraearbaaa.  MEBMk  ta 
thaa  at  tha  danbla  band,  with  tha  faiaatlaa  af  IMB.  aatarsi 


R-CH  HO 

11  +>so,- 

R-CH  HO 


R-CHj 

R-GKOSOjOH, 


aa  wall  aa  palyaarlaatlaa  and  eaadaaaatiaa  pradneta.  dark  in  aalar.  By  aaaparlag  tha 
iatanaity  af  tha  aalaratlan  af  talnaaa  adaad  with  aa  aqoal  valaM  af  i—wrulnl 
aalfaria  acid,  aad  a  ataadard  a«9la.  aaa  dataialaaa  tha  zwlatira  aaataat  af  alafl^^ 
Tha  tayaratara  at  whiah  tha  talaaaa  fraetian  bagiaa  ta  ball  la  affaatad  by 
baaBana,  lAaraaa  tha  taaiyaratTora  at  which  bailiag  taradaataa  ia  affaatad  by  i^lma. 
anaataratad  hydraaarbaaa.  aad  gaaaliaaa.  Ia  tha  aaaa  af  aaal  talaagM.  tha  ti^aratara 
af  tha  aad  af  bailiag  (iadicatiag  tha  yraaaaaa  af  j^laaa)  la  tha  aara  lipartaatt 
aharaatarlatla*  wharaaa  far  yyragaaatla  talaaaa.  fbaa  iddch  jgrlaaa  ia  laakiag.  tha 
taparataia  af  tha  aaaat  af  bailiag  la  aara  layartaat. 

aaaiaaa  laptw  af  aaaai»  di^.  aai  triMtrililapi  fin 


la  aitratiaa  af  talaiaa.  II 


m1A«  m  tlM 


■  ar*  i  17  altMMMi  af  tilaMW  vitk  aiwU  mU 


CH,C,H. + HNO,  -  CH*C,H«  (NOk) + H,0. 


Tka  raaalt  af  this  laaatiaa  is  tha  fanatiaa  af  a  alxtvra  af  ttoaa  waaaitraialaMM 


iaaBertt  orbka,  aata,  sad  para 


u 


Oiikt-  MNT 


NO. 

•  MMT  p«ni*1lNT 


Mananitratoluana  BZ  was  first  predttead  in  183fi  (Blbl.6)  bx  tha  aetiaa  af  aitrla 

m 

aeU  iqm  talueoa.  la  IBthl  (Blbl.7}>  aoaaaitrotalaaaa  was  acaia  abtaiaad,  aad  aa  this 
aooaslaa  Its  boiling  paiat  (225*C),  and  ita  spaeifie  graslt/  at  16*0,  Ic  '’4,  sas 


datanaiaad. 


Tha  prppartias  of  sarions  aonoaitrotolnane  Isaaars  (Bibl.8)  ara  iUastratad  is 


Tabla  12. 


Tibia  12 


Masenitro-  Traaaiag  Point  Bolliag  Paiat  •  Spaeifio  Oalar  aad  Stata  at 
talaana  ■  -  at  760  aa  Hg  !  OrsTltf  Baaa  Ti^parataro 
Isaawrs  ac  '  .9^  . 


-9«27,  aadlfiaa- 
tiaa  a, 

aatastabla 

.3.17,  aadifiaa- 


Oilgr  llfsid,  stra»-]rallMr 
aalsr 


Calsrlass  arjwtals  af 
rhtta  (gf^m 

UfM  yaUnr  IMpB 


fMlidMl 


tMtAlMM  is  a  lifiii  rsatisg  trm  Mgltt  fsUsw  ta 


sslsr  4spsaiJiss  i9««  tbs  iapsrltiss*  Tbs  sslsr  sf  —naltrstslssas  is  suplsfasi  kqr 

3,5-4iattes  fsia  trsasl  sad  3»5-diaitt'S  iHlw 


tbs  prsssBSS  sf  sitlrsorsssls  '(Bibl»t). 
ersssl  sad  '9)  bars  boss  fsoad  is  tsebaissl  BBI  asasaitrstslasas.  Its  apasifls 

fiwvltj  Tsriss  with  tapsratnrs  sad  is  l.l&lf  1*143»  sad  1.125  st  20,  40,  sal  60*0 
rssysstlTsly. 

Ths  ^roadiM'^*  psresBtscs  eo^pssltien  ef  asasaitretslstBS  sbtsiasd  bx  altrstlsa 
of  tolasas  with  alzod  sold,  sad  d^tsadssi  1900  taiporstors  sf  altratlsa,  is  prsssatsd 
la  Tsbls  13  (Olbl.O,  10,  ll): 


Tsbls  13 


a) 

£>) 

so 

j 

30-^ 

20 

d 

-30 

C) 

.  39.3 

36,1 

36,5-37,3 

33,1 

39,3 

.«) 

59,8 

89,2' 

59,4-59,8 

88,0  1 

1  67.2 

e) 

5.1 

1 

4.7 

3,9 

3.5 

s)  HseoaitrstslosBS  Isoasri  b)  ■itratica  taqBsrstaro  9C|  e)  Psrtv-{  I)Z 

d)  Orbbe-t  s)  Xsts- 


Tbs  IQl  altratlsa  tssqMratars  iaflasaess  tbs  qaaatltstlvs  rslatlsasb:^ 

« 

tbs  SE  BOBsaitrotslasas  Itoswrt  fonwd.  Hbsa  it  is  iasrsasod,  tbs  q^tlty  sf  asta- 
sad  srtbo-issaars  iasrsssss  sssMwbst,  sad  tbs  fosatlty  sf  tbs  psra-lssawr 

(Blbl.l2). 


•sa^ts  tbs  sabstsatial  yara-issswr  esatsat,  this  lasasr  bavlac  a  frsssiat  peiat 
sf  91td*0,  tssbaissl  asasaltrstslaais  is  a  liiald  tbat  fyssass  sssplsdsly  a* 

Urn  pin  tsaasr  bsfiaa  ts  firasas  at  abait  «*t.  fkia  pMfdatgr  ia  EplEtl 


ia  ttl—lagy  tmr  tlM  NpaNtlm  af  tte  MMaitrvUliMMtt  tlw 


iriMowivMi  iiM  orilM-iaiMr  ia  4riTW 
«M  af  tiM  eMvaratiaalr  frMtar 


la  tiM  teiliag  paiata  af  thaaa  taa  (aaa 


Tabla  U 


a) 

i>) 

»»• 

80® 

89 

0,04 

0,08 

n 

0,50 

0,81 

M  • 

l.Sfl 

3,00 

as 

2,73 

12,38 

88 

10,5 

30,14 

00 

33,2 

33,00  ' 

a)  Straagth  of  H2S0^,  b)  Salvbllity 
ia  pareeatago  (walght)  at  tha  feUBwiag 
taq>arataraa 


far  a  pataatlaaabrla  aathai  af 
dataralaiac  aata-aitratalaaaa  ia  a  aiacbara 
tkaraaf  wltb  artha^iitatalaaaa). 

KaaaaitratalaaBa  ia  'virtnallx  iaaalabla 
la  aatar,  bat  raadlilj  aalabla  la  argaaia 
aalTakba* 

Tba  aalublUty  of  taekaiea]: 
aeaoBltrbtalaaao  ia  aalfarla  aaid  la 
praaaatad  la  Table  14« 


Maaaaltretolaaaa  la  highly  raaetiva  (Blbl.lii.  praaaata  tha  aaehaalaa  af  aatlaatiaa 
af  tha  aathyl  graip  la  Bitratolooaaa)*  Ita  |DCX  para>  ml  ortha^iaoaara  raaet  araa 
with  weak  eaeatloa  in  aoeefdaaea'vith  tha  aqoatiaoa 


NO,  NO,  NO,  NO,  NO, 


Thla  raaatiaa  daaa  aat  praaaad  with  tha  aata  laawar. 

Maaaaltratalaaaa  la  aat  aa  aaq^laalra.  Zt  la  aaad,  ta  aaaw  axtaat,  as  a 
phlapaitlaar  af  a^lMlrss  af  tii^  aaaaitliltjr.  A  aabaUatlal  aaaaat  af 
■MMifetoiffealaMW  ia  flayai  la  tiia  ptaiwaUm  af  taStetfdiaa,  idaMi  ia  mat  ia  Mm 


WjrsfcfaMis  •f  MrUla  4]rM 


as 


BiaitrwtolMM  i«  11^  •btaiaad  vpra  tte  altratlM 
Mid  i>  MendAM*  with  thw  •qMtimi 


tqriM 


CH  AH4  (NO,)  +  HNO,  CH  AH,  (NO,),  +  H,0. 

(  )  ntratiow  of  twebaloal  iiBDilllSB  aMualtrwtelwcm,  whlsh  is  «  alxtnrw  of  tfaroo 

iooMnro,  yloldo  toohaioal  dlaltrotoliMM,  eoulotiag  of  a  Bixtiiro  of  oix  Immiw. 
Aoeordiag  to  Do  Boule  (Bibl.8)  tho  mmfk  poreoatago  eoapooltloa  of  toohaleal 


dlaltrotolaoBO  Isi  . 

2,4<-dialtrotola«ao  .  75.6 

2,6^lBltrotelTMao  .  19.7 

'  3,(»<-dlaltretolaoao  . . * .  2.57 

2,3-<llaltrotolaoBO  . . .  I.(t4 

3,6-dialtrotolnotto  ........  .  0.61 

3,5-diaitrotelaaBO  .  .....  0.06 


Opon  altratlOB  of  oaeh  of  tho  laeaoro  of  aoaanitrotoliioao,  tho  foUowiag 
qaaatitloo  of  Isoaoro  H  of  diaitrotolnoao  aro  obtaiaod  (Bibl.8,  Il,‘  15,  16,  17,  18  19) t 


CH, 

•  CH, 

CH, 

CH, 

f'l 

66.7’*  j^NO, 

33,3h 

0,NfN 

I  1 

1  1 
\/ 

1  1 

1  1 

X/' 

NO, 

no, 

NO, 


(') 
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! 


TIm  phvalMl  pr« 
TAU  15  (Bibl.*,  ao) 


•f  tkt 


•f  41aitv«t*3MM  aiw  UlMllMtal 


T4bl«  15 


a) 

b) 

c) 

a.4- 

69,25 

d) 

2,0* 

65.1 

3.4- 

58,5 

2.3- 

59,23 

3.6  (2.5)- 

^  50,25 

3.5-  •  .  • 

92,1 

■ 

a)  Dlaltrotbluan*  ItoMrs}  b)  FraMias  pelot,  e)  Belliag  paint,  ®C| 
d)  Bolls  with  dMMpssltlSB  at  300*C  aad  asznal  prossars 

'6  Tsehnieal  dlnltrstolinns,  eonslstiaf  ehisfly  ot  2,4-lsoMr,  eonslsts  of  a 

anKaf.Mo«j  JHRmm  vallmr  In  wtf.h  a  fnaasln*  ^iwf.  _  5k*, 

and  oonaldorablo  oily  iaparltlos*  Its  spselflo  gra-rity  at  71*C  Is  1*32;.  its  spsoifle 
'  ’  boat  Is  0*33  kealAg/*C* 

Toebaloal  disltrotolasno  dissolTss  borttor  in  orgaaie  solTsats  tban  doss 

trialtrotelosBO,  but  Its  solubility  in.watsr  is  asgllglbls. 

tho  solubility  of  toetanleal  dlnlirotolnoao  in  sulfnrie  aolds  of  mrlons  strooftbs 

•  * 

is  prosontod  in  Tablo  16*  ' 

S' 

'  Ik  any  bo  soon  XBH  (Blbl.2l)  for  frossiag  poists  of  alloys  of  2,4-dialtrotolMM 
with  pars  ■smltrotolaoos;  (Blbl.22}  prouidss  tbs  rofMstlTS  lailooo  of  alloys  of 
pars  ■oaoaitrotolsMO,  4,4-4ia^trololBSso,  sal  2,4-triaLtrotolBiao.  A  dlagpaa  SB  of 
BjWBHfftli'llll  TUT  tbs  fssibility  of  aixtsroo  of  2,4-4iiiitrotolnsai  aitli  !•,  3>»  tkk 

o 

ia  AM  la(^U..23}. 


30 

80 

80 

80 

70 

80 

100 

130 

80,0 

1 

3.S 

3.8 

83,8 

3,6 

4.7 

Ts 

6,3 

0,4 

6.4 

Si6 

88,7 

8,1 

10,0 

13,8 

18,3 

— 

17.4 

90,0 

8,8 

16.8 

_  ’ 

30,0 

-I.. 

93,0 

36,4 

33,8 

83,4 

68.3 

89,3 

63.4 

66,6 

90,8 

• 

73,8 

144 

337 

1131 

1191 

1360 

a)  Strangth  of  H^O/^  ia  %;  b)  Selobllltjr  of  diaitretoliwat  (in  100  91  aoid)  la  gk, 
at  llMHWlallM.  ladleatod  toiporaturaa  ia 

Dallko  Boaoaltsrotolaono,  dialtrotolaoao  la  aa  txploslTO,  bub  a  eoq>arablvoi7  waak 

oaa.  Ia  tho  eryatalllae  form,  with  cap  I0.8,  it  producM  a  210  ce  aapaaaiaa  la  a 

load  boaib,  but  ia  vlaw  of  Its  poor  saesltlvity  to  datoaatioo,  it  is  iX  aot  amployad 

anpHBEOpX  by  itsalf  aa  an  axploaira.  A  small  quantity  tharaof  la  amployad  ia 

irttara  it  ia 

tha  fabrication  of  oitroptycarla  powiar,  >■■»««■  uSid  mm  a  plaiticissr> 

nr  is  obtainad  by  tha  nltratioa  of  dinltrotoluana  with  ml  mad  acid,  according  to 
the  aehema 

(NC^),  OH, + HNO,  -  C,H,  (NO,),  CH,  4- H,0. 
illtratioB  of  tdehnieal  dinltrotoluana  which  eeaalstB  of  six  laamars  ylalda 
taehalcal  TVT,  alao  Goaalstiag  of  alx  isomara,  tha  ^sproTdauta  quamtitatlua  ralatlaaahlp 
among  which  la  ahowa  in  Tabla  17* 

let  lafraqaaBtly,  IIT  alao  cantalaa  aoma  amount  of  2,4-  aad  2,6-dlmltrataliiama 
(by  tha  raaults  of  colorimatrlo  datamiaatlea  of  tha  laoawra  of  dlaltrtfi  aad 
trlnitrotaluaaa  (Blbl«8}]. 

Tha  aitratlom  af  aaah  af  tha  laamora  af  dimltrataluama  ylalda  tha  foUawlag 
taaatl^  af  lasamra  af  tidaltratalBama  (Blbl.8)  t 


f 


86 


17 


l>) 

1  30»  1 

50* 

c) 

95.50 

95.10 

d) 

I.3S 

1,36 

«) 

2.47 

2,69 

f) 

0.27 

4,00 

0,29 

4,45 

1) 

1  0,009 

0,009 

<•) 

0,002 

0,002 

n 

0.30  ] 

0,33i  1 

i' 

0.13 

0,49 

0,15 

0,64 

K) 

0.06  J 

0,06  J 

a)  t$X  Coapooratat  b)  Coaposition  of  toobnical  THT  la  aecordaneo  with  aitratloa 
ta^raturo  of  tolaono  to  aenonltrotolnono,  %;  c)  a  (2,4>6)>trlBitrotoluaaa| 


d)  ^(2,3«4)-trinltrotela«Ba{  a)  •f(3,U,6  aii4  2,4>5)-triiiitrotolnoBa; 
f)  ti(2,3«6  and  2,5«6)>triiiitrotoluana;  g)  e(2,3>5}-trinltaotoluaaa: 
h)  &(3i4'>5)-trialtrotolaana;  i)  2,3-^initrotoluana;  j)  (3»6  and  2,.5)-(linitrotaluaBa{ 
k.)  3,5-dlnltpotol'uana 

87  a)  nitration  of  2,4-<ll|iitrotolnana  |SQ(  jrialds  only  Bjaaatrieal  a-triaitrotoloana 

II 

idth  80,  85*C  m  aa  tha  fraaaiag  point  of  tha  ehealeally  pnra  product  (Bibl.l,  8,  3k) t 


CHj 

CHa 

OsN-.^Vno, 

\/ 

1 

Y 

NO, 

NOj 

o-trlaltrotaluaBa; 


b)  nitration  of  2,6-dlaitratalnaBa  alao  jdalda  HX  oalj'  a-triaitrotoluaaa 
(Bibl.8). 


CHj  CH3 


\/ 


^O, 


(  ) 


a)  altrailaa  af  JyWlaitratalaaao  Tialis  taa 


a-trlaitrotaladM{ 


T-*,  4,  5-(3,4.6)- 


triaAtratalana  (8^)  (libl.25)  aat  M»  h  V-triaitiwUlwm  (1690  84)> 


87 


1  t  » 


88 


CHj 


I 


/ 


NO, 

NO, 


CH, 

QnO.'^s^ 

NO, 


CH, 

0- 

NO, 


^  -triBitrot«lMM 


y  -triaitrvt^loMi* 


d)  aitmtlon  of  2,3-diiiltr6tolcMao  aloe  tIoIIo  two  lacMrs  ^-(2,3,4)-triMtrotoliMM 

«  •  < 

(62.2iE)  and  'l-(2,3,6- or  2,5»6-)-trii^trot©luon#  (15.5$)  (Bibl.26),  «ad  22.3$ 

2,3-dialtrot.oltiano  roaudaa  nnroaetod  (Blbl.8) 


CH, 

o,N|/\no, 

.  CH,  /  Ino, 

r^o,/ 

n  -trinitrotolumio 

'  \>o>\ 

•\  CH, 

N.  fVo, 

\/'NO, 

NO,  ( 

^ -trlnltrotolnono 

2.3- diiiltrotoluono  nltratoo  with  oonsldorably  groator  difficoltT’  than  2,V>,  '2,6»,  and 

% 

3.4- dlnltrotoltiono; 

•  •  ^  f  ■ 

o)  dinltrotolnoao  2,5-‘(3,6-),  Uko  tho.  2,3-l8eBwr,  alao  nltratoji  with  difficulty, 

t 

and  ylolda  66.7  -  69.7$  .^-(3,4,6-  or  2,4,5-)-trlaitrotoluano,  8.2  -  8.6$  t)-(2,3,6-  or 

ft  * 

2,5,6-)-trialtrotoluoao  and  21.7  -  25.1$  ranalna  unnitratod 

2. 5- dinltrotolnono  (Bibl.8)t 


I 

I 


CH; 


•  CHj 

^o,N^; 

>o/ 


0,N 


\  CH, 

Ij 

o,nI 


^^o,n/Sno, 


\/ 


T  -triBitrot9liimM 


T)  >trinltrotolMaa{ 


d 
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t)  aitMtlMi  of  3(5-dialtr«tol«MO  nAor  ordiauj  oireuiiotmooo  loads  to  partial 
doatraetloa  (Bibl.d,  26).  Howarar,  tbo  wda  balk  of  tho  3,5-diaitrotolaoM  rfiilaa 
oBOhaafod.  ifboa  it  la  altntod  oith  oiaod  aeida  otrmicor  than  tho  ordiaaiy,  nltratloa 
aoeoaq^aalod  bx  oxidation  eoeimt*  Tho  rosnlt  la  Tjji  varoaetod  3f5-dlaltrotolaoM, 

1IJ(  of  2,3«5-  or  e-trialtrotol«aao  (Bibl.27),  2%  of  3>4»5-  or  b-triaitro&oluona 
(Blbl.28),  aad  lAJt  la  loat  bjr  ozUatioa  (Blbl.8)s 


CH, 

OjNI  JNOo 

CH,  ,  / 

X 

OjnMnOjX  CH, 

^  /\ 
OjnMnOj 
NO, 


e  -trialtrotolnoBO 


& -trinltrotolnoao  t 


Tno  f^ozlng  poiata  of  laoHora  of  trinltrotolnoao  aro  lUastratod  la  Tbblo  IB 


(Blbl.8,  29), 


Tablo  18 


a) 

W 

c) 

102.3 

d) 

110.3 

•  .  «J- 

109.8 

95.i 

9) 

132.0 

a)  laonara;  b)  Frooalag  polat,  ®C;  c)^  (2,4,5  or  3,4,6)-trlaitrotoluoBoj 
d)  p  (2,3,4)-triBitrotolaoBo;  o)  ti  (2,3,6}-triaitrobelTioBO{  f)  c  (2,3,5)- 
trialtrotelmaoj  g)  6  (3,4,5)-trlait3rotolaaBO 


fha  apoelfle  crarltT-  of  all  tho  laoBora  la  i^rozlMtoljr  1,62.  Tho  flaah  polat  la 
290  »  310*,  In  tho  Tranal  blook,  tbogr  ahov  Idontloal  apanaioa,  and  oirtoalljr 

IdaBtloal  aonaltloltp  on  tho  lapaat  toatlag  ■aaklaa, 
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ItalodMl  nr  e««Ulat  mat  «i3jr  ih*  altr*  dariwtiTW  •t  bet  mm3X 

— wite  of  aacLdatlOB  nd  roolaliloiiiiOB  prodooto  ag  woU,  plus  ■itrotiMi  prodwto 
of  tolooBO 

Tho  oxidatlM  prodooto  Iji  IR  iMludo  oobotoaeos  of  phoaol  ehorootor,  eoaotltiitiait 
aitrooxeioL'^  and  dorlTatlToa  of  dlphooyl  or  atilboM  (Bibl.JO).  la  tho  aoro  poMorfal 
oaridlalag  proooaoaa  IatoItwI  la  oxldatloa  of  tho  aitfajrl  gmp  of  tho  tolnoao, 
trlaltroboaiolo  aelda  aro  fonud  firoa  tho  a-aad  ether  iaoaora  of  HIT.  SpiBMtrioal 
triidtroboniole  aold  ylolda  CO2  by  elearago  rather  oaaily  lAoa'  hMtod  and  oadergeoa 
ooBversloB  to  trlaltrobonaoBO.  Thla  eoeara  prlaarlly  when  tho'WT  la  iiaahod  with  hot 
aator.  .i^yaaetrlcaJ.  trlnitroboaaole  aelda  tmdargo  hydroljrala  whan  bellOd  with  water, 
to  fom  dlaltrooxyboBSole  nzzmXZl  aelda# 

Tho  quantity  of  exMatioa  prodneta  la  apoBt  aelda  of  TR  naaufaeturo  riaoe  froai 
atago  to  atago  aad,  la  tho  third  atago,  eonatltutoa  aboTit  5%  of  tho  weight  of  tho, 
raw  IR  obtained.  Tho  oxidation  prodneta  aro,  for  tho  Boat  part,  nitrobOBioie  aelda, 
but  a  anall  anount  of  nltroeroaola  aro  alao  proaont. 

%idor  aovoro  proeoaalag  oenditlons^Cloag  porioda  of  eontaet  or  high  taa^Mratiro 

a 

of  tho  order  of  120*$),  tho  TR  undorgooa  Hi  high  dogroo  of  oxidation  by  tho  nitre 
■ixtnro  iriion  It  la  of  tho  following  oeq>oaitloz  f  84.05Jf  H2S0|{^  and  l6.6S!f  HBO^  (abeat 
109K  loaa  ia  weight  per  hr),  A  K  reduetion  in  tho  nltrle  aold  aharo  of  tho  nixed:  aelda, 
and  mu  reduetion  In  toaq)oratnro,»wlll  rodnoO  tho  preeoaaoa  of  oxldatiott,  A  10* 
rodnotloB  in  tanporatnro  (ia  thO  $5  •  115*$  Interval)  outa  tho  latonalty  of  the 
preooaaoa  of  exidatioa  vlrtnally  la  half, 

Aa  a  aoBoofoonao  of  the  oxldiaiag  proooaaaa  lavelelag  doatnotioa  of  tho  banaano 
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riag,  tct^aaltraMilMUMf  whlali  gitM  IR  th*  cAor  ef  altrl*  ozUm,  is  fsnwA  la  ^ 
sltrstisa  dlBltrstslwBs. 

It  has  bssB  sstabllshsd  (Blbl.3l)  that  ths  altratlea  sf  tsskaioal  dlaitrstslasas 

MCMipWll#d 

Is  lilHIMUUBXI  b7  ozldatloa  with  Hbsratlea  sf  gasseas  prodasts  esaslstiag  chisfljr  sf 

apt 

earbon  aonozids  aad  earboa  diszlds.  It  Is  hsid  that  this  ezidatlsa  seeiirS|^£t  tlMi 
mxpmm  of  ths.  triaitrotolnsas,  bat  of  ths  dlaitrotolnsas. 

Ths  aajor  li^ttrltlss  fotusd  in  sabstaatlal  qnaatltlss  la  TUT  ars  issasrs 

thsrsof  aad  of  dlaitrotolusns.  laasaneh  as  ths  iseasrs  of  TNT,  aad  thoss  of 

•  •  • ,  '  • 

dlnitrotolusns  as  wall.  In  part ^  airs  fonssd  froa.astanltrotolusns,  this  last  is  ths 
prisarjr  sonros  of  l^urltlss  in  TNT.  In  point  of  fact,  if  ths  asnoaltrotblnsns 
Uboratsd  fran  ths  aeta-lscawr  is  nitratsd.  It  is  posslbls  to  produes  TNT  at-  a 

XrVfSSJJi^  poxab  Ol  CJ  WXUIIWUW  XUX  vIjlVX*  pUX’XXXW*WXWUa 

Ths  asTaswtrleai  trlaitrttolusnes  aad  othor  l]q>arltlss  prsssat  in  rair  WT  rsdnes 

s 

ths  frosting  point  of  TNT  to  75  -  77^C,  to  fora  anltl-eosqwnsnt  sutsetie  allojrs  of 

low  Boltlag  point  with  a-trinltrotolnons.  <  Sons  of  thoss  alloys  ars  liquid  at  roost 
and 

toaqpsratxirs,/oll7  In  iqipsaraaos,  aad  ars  thorsfsrs  toiasd  trotyl  oil.' 

'  .  '  * 

* 

la  storing  nanltlons  iii  ^irttich  ths  fillor  is  rair  TNT,  ons  obsorros  a  Isakags  of 
trotyl  oil,  rssnlting  la  a  rodaetion  of  tbs  daasity  aad  strsagtb  sf  ths  si^lssllm  Shsll. 
This  Mkss  sneh  ■oaltlsas  daagsrsas  aad  of  low  quality  (dads).  In  ths  eass  of 
artUlsry  sholla  aad  alass^  this  aay  bs  ths  sanss  sf  prastttnrs  siqtlssioas  idisa  firsd. 
Iaosaq>lsts  sxplosloas  aad  dads  ars  asaally  s:qi>laiasd  by  ths  fast  that  ths  oily  laparltiss 
fllUag  ths  q^ass  bstassa  ths  prspsUaat  and  tbs  ssplssiwa  ahargs,  BHBI  obstrast  iM 
lattsr,  aad  If  thsy  psastrats  into  ths  foBS,  tSBl|t  ts  iqprsfnats  ths  dstsaatsr  aal 


■igr  b*  wylai— 4  hgf 

■tk*  It  p««rlor  •MsitiT*  to  tbo  »ap,  Frwatvr*  wqilMlon  Bpti|prinBnB^Pni.  tbt  fkat 
that  tbo  loakaga  of  oily  iiqparitlos  flroa  shoUa  doatroja  tha  Maalittiie  aatora  of  tiM 
axplaaiva  JIfiX  aharca,oaiisiat  it  to  baecaa  perovs,  whiah  mtj,  whaa  it  is  flrad,  raovlt 
is  dasgarons  iatanalztnraa  of  aq^loalTO  adbataaeo. 

ij^iara 

As  a  eoaaaqnaaoa  of  tha  eansaa  iadieatad  abeva,  iiptiatpgl  1>T  aheaU  ba 
ai^lOTsd  oaljr  for  tha  aanofaettira  of  axploslTO  qdxtnraa  daalpiad  for  aar^  nsa,  for 
axasqitlo,  for  oxearatlon  by  asploalToa.'  Howarar,  THT  to  ba  aapleyad  to  fill  shalls 
irtiloh  la  plaanad  to  atora  for  a  long  pariod  oust  midar  all  nlrenataaeas  ba  elsaaad,. 
Shalls  ara  flllad  with  eloanad  nT,  conalstiag  of  a  rlrtually  pura  sjasastrleal 
2,4*6-  or  a-laoKor  trlnltrotolaana. 

light 

2,4*6-  or  a-trlnltrotolaasa  Is  a  whita  aubstanes  (growing  yallow  in  tha  HQl) 
and  haring  two  pojyaorpnie  erystalllna  foms. 

/n  x-ray  study  of  2,4,6-trinltrotoluana  has  shown  that  this  eoqwund  aay  oxist  la 
aithar  aonocllhie  and  ortho-rfaonbie  foms,  Tha  unit  call  of  tha  nonoelinie  fo»  has 

tha  following  dinonslona:  a  •  21.35  ±  0.55;  b  ••  0.05  i  0.03;  o  •>  14.96  ±  0.05  t  and 

p  <■  111.15  ±  15,  whlls  tha  data  for  tha  ortho-rbonble  fans  ara  a  ■*  20.7  -  0.6S; 

b  -  6.09  ±  0.54,  c  -  15.03  ♦  0.07  I  (Bibl.32). 

grarity 

Tha  fraaaliag  point  of  2,4,6-trialtreteliiana  is  80,  85°;  spaolfie  SDpiZ|^aCI 
1.663,  irtiils  that  of  tha  ZB  fasad  natarials  (at  82^)  is  1A67.  Tha  grarlaatrle 
dansity  of  SOp  erystalllna  trlaitrotolnaas  la  0.9  -  1.0. 

Tha  dansity  of  eaapnsssd  a..triBitrotoliieBo  dapcnda  upon  tha  prssanra  and  rasgss 
fraai  1.54  to  1.62  as  prassnra  Is  rarlad  fran  lA'SO  to  4350  kg/aa^.  Tbs  dansity  of  a 
oistlag  abtalnsd  span  OB  oaoUag  and  aigitsitisa  of  fnssd  a-triaitrstslMns 


flastnsUs  la  tha  1.55  -  1*60  raags,  whlls  tka  addltlas  of  lasipriWssnt  inntithas  ff 


•tb«r  altr*  » 


I 


iihish  pnrtmt  pr«p«r  •f  a- 

f«r  aa  IJMrMai  la  tht  dMaitT’  af  tha  eaatiag. 

TIm  daaaltj^  af  aalld  aad  liquid  triaitratalvtaat  at  farlaaa  t«qparatiira«  ara 
praaaatad  in  a  «ark  by  Lwia  (Blbl.3i).  ^^P®***  cryaUlliiaticm  of 

trotyl,  containing  different  aaounto  of  dinltrotolueno  or  other  araaatip  nitro 
eoaponnds,  see  elawhere.  (Bible  34)e 

The  latent  heat  of  fosloa  of  a-triaitrotolneae  le  21.41  eal/ffa,  the  faaat  af 
SB  eiTetallliatlon  le  5.6  keal/aola  (Blbl.29),  and  the  heat  eeodnetlTlty  at  25®G 
la  0.00055  eal/aee/ea3  ®C.  The  yapor  preeanrea  of  TUT  at  Tarlona  taaperatnree  la 
offered  in(Bibl.35). 

The  hygroaeoplelty  of  akhriii*.  a -trinitrotoluene  ia  about  0.05^,  and  therefore 
it  Is  net  necessary  tc  seal  it  airtight  for  atorage. 

The  solubility  of  a-trlaitretdluane  in  water  is  low.  Thus,  at  15^0,  0.02  parts 
SOI  dissolve  ia  100  parte  water,  and  at  100®C,  0.15  part  U'-trialtroluene  dissalve 
ia  100  parts  water. 

The  low  eolublllty  of  c-trlaitretoluaae  ia  water  le  a  favorable  property  that 
■akes  it  easy  to  use  water  to  wash  it  free  of  aeids.  lavertholoss,  this  solubility 
results,  OB  the  one  haad,  la  sobs  less  of  produet,  and  on  the  other  hand,  in  eeataaiaatiea 

lU 

ef^water.  Water  coatalaiag  0.15!t  s-triaitrotolnena  eaanat  be  discharged  lata  bodies 
ef  water,  and  therefere  prier  to  diseharga  therela,  it  is  sabjeetad  to  eealiag  and 
allawod  ta  settle, with  too  ebjaet  ef  separating  out  the  aaln  nass  ef  the  disselved  TR. 

I 

a>frlaltratal«M  dissalves  quite  wall  in^  erganie  selvsnts.  Its  bast  salvasts 
aval  pyridine,  aeataaa,  baasena,  SB  talusM,  and  ehlsrafem.  e-fMnitratslalBS 
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4itt«lTM  piMTlr  i>  •thar  Mtf  — artw y  Tibia  19  (BiU..96)  ahaiia  tba  — 

af  a-trialtraialaan*  1>  variaM  MlvaBta. 


Tibia  19 


-  _ 

b) 

a) 

C) 

d) 

e) 

f) 

9) 

h) 

i) 

j) 

K) 

L) 

0 

0,01 

28 

57 

13 

0.2 

0,6 

IS 

0,012 

— 

45 

62 

50 

— 

0,5 

1.1 

2,8 

0.3 

so 

0,013 

— 

55 

100 

67. 

— 

1,2 

3.3 

0.5 

3S 

0,015 

158 

57 

132 

88 

70 

0,8 

1.5 

— 

SO 

0,017 

— 

84 

156 

113 

100 

— 

1.8 

4.6 

0,8 

35 

0,OS2 

215 

104 

187 

144 

1.3 

2,3 

— 

-- 

50 

0.047 

370 

208 

376 

284 

300 

3,2 

4,6 

— 

50 

0,067 

600 

367 

600 

478 

— 

6.9 

8,3 

— 

70 

0,067 

1250 

826 

1350 

1024 

— 

17,3 

15,1 

— 

75 

0,097 

2460 

1685 

2678 

2028 

— 

24,3 

19,5 

— 

100 

0,147 

— 

— 

- 

—  ' 

— 

— 

- 

.  - 

a)  Taaparltura,  *C;  b)  Selability  of  a-triaitratolaana,  la  gp  (ia  100  gp  of  lelTiat); 
e)  ¥atar}  d)  Pjrrldiaa)  a)  Taluaao;  f)  icatoaa;  g)  Baaaana;  h)  OiehloToathaaM; 

1)  Carba^atraehlorlda;  j)  95$  atbyl  aleabel;  k)  Xthar{  1)  Carbo^^lsolfida 

91  Th«  bast  aolraat  for  parpoaaa  of  exTstaUiaatioa  is  that  which  ia  af  adaqwata 


dlaaolvlag  e^jaeltT-  at  alaratad  taaparatnra  aad  rathar  low  at  rocp  t«p>arattira. 

XthT-l  aloahal  aad  earbei^atraehlerida  paaaaaa  thaaa  propartlaa.  Tha  adraataga  of  tha 
fozMr  is  that  it  la  laas  toxie,  and  of  tha  lattar,  la  that  it  ia  virtaallor  aoBflaaalbla*  . 

nr  dlaaelraa  rathar  wall  ia  aulfPrle  acid  (aaa  Tibia  20).  Tha  high  aolablllty 
of  a-trialtrotolaana  in  snlforle  acid  ia  aa  lafaTorabla  proparty  iqiap  aitratioa, 
iaiaPBOh  aa  whoa  TIT  ia  aaparatad  frap  apaat  aaid  by  aaparatloa,  a  partiaa  ripalna  ia 


IT^ 


salatiott. 


Tkbl*  20 


f) 

b) 

70 

78 

80 

85 

SO 

05 

100 

0 

0,30 

0,40 

0.6 

2.0 

3.5 

13,0 

10 

— 

0,30 

0,45 

0,7 

2,2 

4.0 

13,5 

20 

— 

0,30 

0,50 

0.8 

2.5 

4,8 

15.0 

25 

— 

0,32 

0,55 

0,0 

2,6 

5,2 

15,5 

30 

0.35 

0,60 

1.0 

2.7 

6.0 

16,5 

«> 

0.2 

0.40 

0,68 

r,3 

3.0 

7.0 

18,0 

SO 

0,2 

0,45 

0,70 

1.7 

S.5 

8.5 

21,0 

80 

0,22 

0.50 

1,00 

2.3 

5,2 

11.0 

24,0 

70 

0.3s 

0.70 

1,60 

3,3 

7.0. 

13,5 

20,0 

80 

0.80 

1.30 

2,40 

4.8 

10,0 

18,0 

36,5 

ft)  Ti^araturc,  ^C;  b)  Fftremtag*  solubility  of  « -trlnitrotoluono  in  sulforlo 
acid  of  Tftrlous  poreontago  strengths 


h'hen  a  eoall  asuun^  of  nitric  auid  is  added  to  sulfuric  acid,  the  solubility  of 

a-trlaitrotolueiie  in  the  resultant  nixed  acids  dlalnlshes  soMebat  (Bibl.37)«  Bewerer, 
*  0 

larger  quantities  of  nitric  acid  in  acid  alxturss  have  tho  opposite  effect, inoreaning 
the  solubility  of  a -trinitrotoluene. 

Figure  23  presents  a  griq)hie  illustration  of  the  solubility  of  a-triaitrotolusae 


H,o 


•0/ 

SOA 


.  * 


'W  'If  a 


Fig.23  **  Pereentage  lelttbiUty  of  a-TSrinltretolvMe  (u-HT)  in 
nnsd  Asids  «t  .25  ud  50*0 
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91  ia  alnd  aalds,  ia  aoaardaao*  Kith  tb*  •aapaaitlMi  af  tlw  lafeUr,  at  29  Ml  50*0. 

92  Tha  Mlabilitir  of  a-trialtr«talaM«  la  aitrle  aald  la  vai^  high,  mrm  la  tha 
oaaa  of  dllnta  aold  {aaa  Tabla  21}  <•  Tt'la  property  la  aaploTOd  la  aaglaaarlag  la  tha 
parlfioatiaa  of  taefaid.e^  m  bjr  rMrystalUaatioa  trm  altrla  aeld. 


Thblo  21 


a) 

b) 

c) 

d) 

e) 

f) 

4% 

100 

■ 

33 

100 

.  53 

•  .  150 

84,7 

41 

ISO 

•  78,2 

86 

200 

48 

2ocr 

89 

250 

54 

300 

• 

61 

300 

26  . 

ISO 

44 

100 

SI  ,8 

34 

200 

80,4 

SO 

.150 

45 

900  ^ 

54 

200 

55 

500 

86 

280 

34 

.  235  . 

38 

100 

47 

376 

46  , 

150 

97 

52 

458 

82,3 

SO 

200^ 

■"17 

* 

54 

250 

61 

830 

06 

300 

' 

a)  Pareontaga  atraagth  HIO3;  b)  Taaqjaratnra  ©C;  c)  Solubility*  gag  ofa-TW  (ia  . 

100  ga  H>03) 

a-WT  la  of  low'  raaotiylty,  and  thin  ia  a  groat  advantaga  tharOof  as  aa  olq>laaiTa. 
la  a  nautral  aubataaca*  it  doaa  not  raaet  iiith  tha  aatal  of  tha  aholl*  aal  Ita 
law  raaotiTity  aakaa  it  paaaibla  to  naa  it  in  ■laturaa  and  alleya  with  athor  anbataacaa* 
anoh  aa  aawalTai  nltrato.  Thia  laat  elroMataaoa  aakaa  it  paaaibla  to  laaraaaa  tha 
aaeuat  of  aaploalToa  by  naiag  TR-baaa  aiztiraa  aal  alloya> 

a-Trlaltretolaaaa  faraa  a  aotaotio  with  tatryl.  Tha  avtaetis- eoataiaa  70.9  aalar 
pareaat  a-«T  aal  aalta  at  6«.82*  (Blbl.38)*  ttad  alaa  fan^  om  with  2;4*6-trlaltaw^ 
BotaKaylaM,  oanUlalag  17*9  aalar. paraaat  a-*9lT*  aal  Mltlag  at  7I.7*  (Mhl.39)* 
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92  fh*  Tkrlow  a»1W-tiiiiitropliMwl  aixtiirM  wmj  b«  fraiil  ia  Bibi«40* 

th*  btkaviar  cf  a-T>T  witfa  varltu  eb«id.«al  rMoUats  diffvn.  Ihw,  ttrMMt 
•nlfurle  wld,  whieh  dlaaclTM  o-IIT  at  rooa  taaparatira,  doM  aot  raast  with  It* 

IX  At  hlfh  taaparatnra*  tha  TIT  tmdarg»«i  WSi  axUatlm.  Thu*  hMtlag  of  10  gn 
nr  with  10  0B  strong  anlftorie  aeid  at  155^  roonlta  in  aow  gu  fenutlon,  with 

■  I 

liboratlon  of  SO^*  Aftor  3*5  bra  of  boating*  tho  TNT  rualna  uehaagod*  hat  taku 
on  at  light  brown  eoloratlu*  Whoa  thia  oaao  roaetien  ia  ru  la  a  ooalod  tuba* 
prmaotmeod  doooapMitlon  of  tho  TWT  aota  in  aftor  3*5  hro*  tho  tnbo  bnrata*  and 
that  roaalns  of  tho  TRT  ia  a  soet7  nua.  At  145^>  doeo^>oaitioii  bogiu  only  aftOr 

6  hra.  Thoao  oxporlnonto  show  that  a  woak  roaetien  botvoon  TWT  and  anlfttrie  aeid  at 

oadiag 

elaratod  pruanro  la  ei^ablo  of  inerowing  groatly  and  lijtonlUi  with  soaploto 
doeooqjoaitlon. 

93  Strong  nitric  acid  aot  onl7  diosolTos  a-TWT*  but  oron  at  110^*  slowly  ozldiSM  it 
(  I  to  trinltrobonaole  acid,  In  accordance  with  tho  equation: 

CH,  COOH 

I  '  I 

.  I  ■^°'+2HN03-.  I  |~^°’+2NO  +  3H,0. 

*  !  ! 

NOj  NOj 

• 

It  la  ontlroly  probable  that  the  atULU  onidatloa  proeoss  gou  throngh  tho  stage 
of  trlnltrebonaaldohTdo  fonution.  Tho  fOrtbor  trowfennatien  of  tho  aldohydo  groip 
into  the  earbeayl  groiq)  My  oeenr  ia  tho  abaoaeo  of  ozidinor.  Wo  know*  that  du  to 
tholr  high  roaetirity*  tho  nltrobennaldofaydw  toad  toward  ezidatlea>-rodutioa 

latrailenilar  proooaou*  u  •  oonsofoonoo  of  whioh  nitroboasoie  aolda  art  fOiMd. 

I  ) 

Ounotoent-ljr*  the  foUowlag  ronetioa  My  ooov  ia  thia  sitnatiaa 


iiHwwra 
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93 


t 


i 


I 


I 


I 

i 

I 


±a  th«  fimal  XX  aaalon^*  will  •vldaatljr,  i«  amt  diaitranltrobaaMi*  mM, 

but  Its  diMT,  attached  through  the  nltrese  grovp  thanke  to  tho  high  roactlTltr 
-tharoof  (Bibl.4l). 

At  high  tcaqporatoro  (115  -  130^) »  strong  aiaod  aold  ozUlaos  o-TITjiflth 
dIsstrnotleB*  of  the  boBisno  ring.  Tho  oxidation  produet,  la  addition  to  gases.  Is 
-batraaltroButhane  0(102)4. 

a -TIT  does  not  reset  with  water  either  idien  cold  or  i^n  heating. 

The  a'eqnlsltlv'sn  of  a  red  color  hy  TNT,  aeceeqaaaled  by  an  Increase  in  olliaess, 
wihleh  occurs  under  condltloas  ef  industrial  washing  of  the  product,  is  ^ypareatly 
laiueed  by  the  oeasiderable  overheating  of  TNT  epataiaing  adaixtxires  of  iJQ 
suTnuetrical  trinitrotoluenes  iriien  HB  subjected  to  the  direct  effect  of  live  stesa 
aal  high  te^teratore  (of  the  order  of  150^).  The  hardness  ef  the  water  has  a  aajer. 
•ffeot  npeii  the  reddening  of  the  TNT,iq>«B  washiag.  CalcloB  salts  in  tho  water  fern 
dark  brown  aetalUe  derivatives  with  TNT.  Thpse  derivatives  deesspese  iqsen  belUag, 


writh  fomatlon  of  ceadensatlen  pr^ucts. 

a-lNT  reaets  with  aqueoua  and  aloehelio  solutions  of  bason  to  fem  aetallle  | 

■  ■  '  * 

derivatives ,  dark  brown  in  eeler,  BQBBHBDp  erreneewsly  tensed  tretylakes,  beeaase  j 

i 

I 

bhls  tem  should  be  implied  to  salts  ef  trotyl  sad  a  base,  dwrnss  this  is  net  the 

»  >  ‘ 

^  ! 

■trsntsre  ef  the  astallle  derivatives  ef  1R.  \ 

i 

! 

diblsrlaitiie  qpalitativs  sad  fsaatltative  Mthsds  (Bibl*42,  43)  sf  dnbssadalhf 
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a -Ilf  and  atlwra  af  iaatra  sm  bM«d  19011  tho  roMtlon  with  oawiioo. 

Tho  qulitatlvo  roMtiot  lo  porfoiaod  os  foUomt  1  ee  O.Oljf  oleohoUs  oolvtloa 
of  -nitre  eiioimd  with  4  ee  seotono  and  one  drop  2n  *  loffl  jriolds  a  eolor  ehsraotoriotie 
for  oaeh  Iseasr  of  1IT,  as  oheim  In  Table  22. 


MetalUa  TIT  dorlTatlTM  are  Boot  readily  obtained  by  the  action  of  potaesinB  or 


sodini  aleoholato  i^on  a  solution  of  TIT  in  tolnons. 

Studies  (61bl.44.45)  have  sbom  that  aa  aany  as  three  Boleeule*  of  the  alooholate 
(CHjCMC)  nay  attach  to  one  noleeule  of  a-TIT  In  SI  an  anhydrous  ■sditn.  Aeoerdins  to 


MelaonhoiBar.  (Blbl.46)  the  alooholatee.ef  quinold  structure: 


CHj^OCHj 
0,N- A-  NO,. 


CH3,  .OCH, 


//' 


o. 


N 


0,N  , 


\/ 


O 

OK 


OK:  KO 


\/l 
II  H 

K 


—OCH3  CH3O- 


OK 


1^, 

H  II  H 

N=0 

OK 


OCH3  ^ 
vO 

=N  ' 
'-OK. 
,-0CH3 


■  Table  22 


IseaNrs  of 
TIT 

Color  Obeorred  ^ 

BsBsrks 

1  TMod  lately  after 
Petoring 

I  5  ada  later 

«(2,4^)- 

Deep  rod 

Beep  rod  with  slightly 
dirty  tint 

Camiae  after  15  aiai  pl’nc 
after  30  ada}  pale  pii^  after 

45  nin 

T  (2,4,5)- 

Bluish  gray 

Gray 

Pale  gray  after  ISsd^. 

P  (2,3,4)- 

Groan 

Palo  yoUov,  and 
slightly  reddish 

After  30  nia,  yellow 

1)  (2,3,6)- 

Pinkish  vhite 

Alnest  colorless 

After  30  nia,  colorless 

6 (3,4,5)- 

Bright  Tlelet 

Bright  Tielet 

After  20  ala,  pale  brewn} 
after  30  nia,  pale  yellow 

* (2,3,5)- 

Cazaino  red 

CazBiae  red 

After  15  ada,  pals  red 

i' 

Torn  Mtalllo  dwlTatlTM  ct  m~m  am  aa^lMiTM  haviag  *  aaMltarabljr  Iniar 
flash  polat  and  hi^ar  ahaak  saultivitj  thaa  a-TIt.  As  tha  anabar  af  aalasalaa  •t 

tha  aloohelata  attaahad  laeraasas,  tha  flash  paiat  af  tha  MtalUe  darivatiTSs  is 

a 

radaead,  inaaaneh  as  far  lUXHnHBK  MaaMatallle  eaaqvaoad  it  is  lUtP,  aad  fair  a 
triaatalUe  it  is  117^« 

Thasa  sabstaseas  sm  aosaadiacljr  aastabla.  I.T.StafaaoTieh  (Bibl*Aii>)  has 

obsarrsd  eaaas  ia  whieh,  idiaa  a  aabstaaea  of  tha  eo^aaitioa  CH3C^2(^2)3  * 

was  haatad  in  a  tharaostatie  oontainar,  it  asplodsd  at  50^  aftar  15  ala  of  haatiag, 

wharaaa  coaipotaid  ‘  3C;^50X  aoplodod  at  55**  aftar  20  aia  of  hsatlag. 

shook  8aBsltl?lt7 

Tha  ■  adMAlalittj^  of  tha  ■otallic  dariTatiras  of  o-IMT  II  is  aqoal  to  that  af 
initiatiag  aaplaalvas. 

The  sustains  deriratiTss  of  s^TST  srs  hjrgrsss^ic  asd  run  is  air.  ’dhas  thsj  ars 
aabjaotad  to  dilnta  alaaral  aeids;,  tha  a-TIT  ia  aot  rseoTsrad,  aa  is  tha  eaia  with 
trinitrobanaana,  but  aitrogsn  ozldas  and  daap  rod  (alaost  black  vhan  dxy)  predaots 
insolubla  la  vatar,  baasoBa  and  ether,  but  raadlljr  soluble  in  alcohol,  are  libaratad. 
Thasa  black  AjAXjBAd  products  Y*ry  in  ooaqpositien,  dapanding  iq>on  tha*  strength  aad 
propartlas  of  tha  acids,  and  also  igMa  tha  length  of  tias  the'acida  have  bean  at  work. 

a 

The  flash  point  is  220  -  260*,  aad  their  shook  seasitiTitj  is  sinllar  to  that  af  lead 
aside.  It  is  held  that  when  aineral  aoids  react  with  nstallic  deriTatlTos  of 
what  eoours  is  tha  nltroawleeular  axidatiea  of  tha  CH3  grai^  at  the  e^aasa  af  tbs 
esTgen  of  tha  IO2  (prwp  aad  aubsaquent  eoBdeasatlon  of  tha  exidisad  awdnlas  data  asra 
easylax  eaaipeuads,  dibaas7l  darl'vatites. 

Afasaas  salat iaas  af  the  eaastiaa  aot  upaa  a-m  la  a  aaaswhat  diffaaroat  aaBaar. 


WhtrMui  th«  tffMt  of  todlm  alMbelftt*  ipM  th*  tolasM  H  Mlvilw  of  *-m  viMlta 
ia  iwMllle  4«riTatlTM  1III|X  b«iA(  llb«r«t«d  in  th«  fora  of  a  proolpitate  of  ooMtaat 
ooapoaltioao,  whOB  aa  aqaoovo  aolutiea  of  oanstio  aots  iqiMi  o-nr,  tho  Ifttor  diaaoloM 
alovljr  thorola  to  fora  a  dark  solvtloa.  Aftor  tho  vator  haa  or^ratod,  a  broaa  (alaoat 
blaek)  sabotaaeo  of  uakaeMB  eoapooitioa  rwnlao  of  tho  oolotloa,  ao  tho  eaastle  that 
doos  net  go  Into  roaetloa  eaaaet  be  waohod  amjr  witboat  oubjoetlag  the  prodaet  to  a 
dootruetlTO  reaction. 

Tho  ■oehanlwof  tho  roaetioao  botwoon  aqnoons  eaustleo  and  nitre  oca^nads  baTO 
IZ  had  Inadequate  study.  It  has  boon  ostablfshW  that  V  idrlos  of  n^tions^fellOT 
rapidly  one  upon  tho  other.  Roaetleas  of  foraatlon  of  addltiTO  eaqtonads,  subotltntloa 
products,  anr^  coadonsatloR  products  aay  occur  siaultaneously  or  one  II  aftor  the 
other  (Bibl.47). 

in  inTOstlgatlon  of  the  ozploslTO  properties  of  tho  roaetloa  products  of  o-TIT 
with  aa  aqueous  solution  of  KOH  shew  that  tho  flash  point  fluctuates  botnosa  104  and 
157*,  dopoading  c^n  the  aawuat  of  caustics,  and  the  shock  socsltlTity  is  greater  than 
that  of  load  azide. 

a -TIT  reacts  net  only  with  strong  caustics,  but  with  so  weak  a  one  as  I^OH. 

I.T.ItofsBOTlch  las  obtaiaod  aaaoaiuB  dorlTatiTSs  la  two  ways:  by  dissolrlag 
a-TIT  la  aa  fl{i  aqueous  solutioa  of  SBMaia  or  by  nixlag  a  telusao  solutioa  of  oi-TIT 
aad  aa  alcohol  selutlm  of  asMaia.  Whoa  tbs  ■■wall  dsrlvatlTos  IZ  are  dried  la  a 
dsssieator  ovor  sulfuric  acid,  liboratioa  of  aitrogOB  ezldss  is  sbsorwad,  tsstlf>iag 
to  tbs  iastdblllty  of  thsss  cssp sands. 

•slid  o-TR  also  roasts  with  gasssus  SHMsla.  .Ths  preesss  is  assslsratsd  ia  tho 

prssaass  of  ■oistars  sad  wbsa  tsapsratars  is  rsdmsd  (Bibl4A»4t)«  If  u>fR  is  plassA 


ia  A  vwMl  Kith  gumm  th*  AHmliA  is  Abssrbsdl,  aad  tbs  prepsrtiss  of  tbs 

a-HT  mdorfo  a  prososaeod  oKAsto.  Pint  it  tom  rsi,  tbn  it  Asqoirss  A  dsrksr  sat 

dArkor  colsrAtios,  sad  fiasliy  is  eoBvsrtod  into  a  ttaiek-blAak-tAFiy  svbftaiioOf  wbiob 

tmsforss  into  a  porous  sabstAseo  Aftor  HZ  dossicAtion.  This  sabstaaeo  doOs  net 

onplodo  upon  shook  sad  burns  ulth  diffionlty  upon  oAleinAtioa.  Tho  iatornsdlAto 

product  fren  tho  rosetlon  of  o-niT  with  gMOous  saateniA  is  hlcUjr  soasitiTO  to  shook 

And  hAs  A  low  flash  point  (110^). 

Tho  quostlon .  of  t.ie  foznAtien  of  aotAllie  doriTAtlwos  of  a.IVT  la  aot  oaljr  of 

thoorotioAl  but  of  iI|Z  nsjor  prAotleal  slgniflesQoo.  PrsYlously,  soda  solt^lonS  Wsro 

o^loTod  to  wash  TNT,  and  AII678  of  TNT  with  potassius  aad  inNIUhn  sodlun  nitrato  wsro 

osplojrod  along  with  fiQSZZZZIX  anotols.  In  1916,  an  a3q>losion  oeemrrod  at  a  plant 

whoro  TmI  was  ueing  fused  with  potasslun  nitrate.  Ths  conclxisioc.  of  on  export 

ooaadssion  was  that  tho  e;q>lo8ion  occurred  as  a  consoquoacs  of  tho  fomatioa  of  a 

particularly  sonsltivo  notallio  dorlTAtlyo  of  TNT  (Bibl.49)* 

Tho  shook  sonsitlTlty  of  tho  sasiotols  inoroasos  vozy  slgnlfleaatly  with  tho 

length  of  tins  for  idiloh  shells  filled  with  thaa  haro  boon  stored .  Along  with  tho 

Inoroaso  in  tho  shook  sonsitlTity  of  the  aassotolsj  there  ar«  ewo's  on  record  of  flash 

at  low  tos^oraturo.  AnMtol-flUod  shells  renal nlng  at  the  oloso  of  the  war  wore 

during  tho  stoan 

ssqitiod.  Cases  of  i^ltion  and  burning  wsro  noted  at  tines  — esH^—naaaanii  siting 

e 

out  of  tho  asaetels.  Tho  incroasod  shock  sonsitivity  and  tho  rodueod  flash  point  of 
aawtols  is  to  bo  o]q)lalnod  by  tho  fonatian  of  oonpeunds  of  TIT  aad  saaMda,  which  nay 
fom  fron  the  N^MOj  sqpen  roaetica  with  tbs  natal  obeli  ess*.  To  aroid  tho  fonnation 
of  dsngoroos  BE  0 sip  minis  of  TNT  aad  aanada  when  sbslla  as^  filled  with  annstol, 
the  ■■BStol  BHSt  bo  thorootfOy  iasnlatod  fm  ssatast  v±\k  the  antal  of  ths  shall 

IK 


•Miag  aal  tba  fata,  b;-  aMBs  •t  iMfiar  or  a  oartriAge  tjrpo  of  fUUag. 

A  ataljr  of  tbo  eaaaoo  of  IvdAiaa  ooeorrlag  ia  tho  ataafaoturo  of  HT  (Blbl*5#) 
ahoHod  that  -Khan  load  aad  Irm  aot  vifom  Vtt  ia  tha  praaaato  of  aitrie  asid,  aaplOaivo 
aatalUo  ooapetmds  eoaa  into  bolng*  Altadana  alao  yiolda  eoaponada  of  thia  typa,  bat 
thoao  aro  laaa  aaaaitiTO  to  ifaitioo.  Tho  proaoaeo  of  aash  aalta  la  TIT  ahopa  aaj  to 
tho  eanao  of  aeoidoata. 

Sunlight  affooto  a-THT,  eaaaiag  it  to  darkaa  and  ehaago  la  proportlos  (priaarily, 

’  ’  o  •  • 

tho  t\>oosing  taq>oraturo).  -  This  ia  apparaatly  dna  to  photolaoMrlaatioa  [tho  of  foot 

of'ultraTiolot  raya  upon  o-BIT  .(Bibl,5l)]. 

Light  haa  a  loaa  pronounoad  of  foot  iq>on  tho  flaab  point.  A  product  of  tho 

irrodiatiea  of  a-TVT  aith  Ii|^t  haa  a  flaah  point  of  230°  >  and  ^6%  ahoek  aonaitlTity, 

1.0.,  Ita  aoaaltlTlty  1.S  uiAAfi  biuli  ui  t*#brjrlo 

O.Sehnlta  aad  K.Gaagnli  (Bibl.|2),  vho  anbjoetad  TIT  to  lon^tom  aolar 

irradiation,  darlTOd  a  "rad  dya"  (it  will  dyo  wool)  thorofroai,  eonatitntiag  a  aiztwo 

of  two  aubataaeoa,  one  of  idiich  ia  a  hygroacopie  brown  powdar  roadlly  aolnbla  ia  BB 

not  aolubla'  la  ^har,  bonaona, 

cold  water  and  cold  aeotono  ahi  >  taanaaahMaamaaaaaal  and  ohlorofom;  tha  other 

a  bladk  aao^^hona  powdar  which  diaaolrab  with  groator  difflcnlty  in.  water  aad  dooa  not 
♦ 

dioaolTo'  in  acatono  and  othor  orgaalc  aolvanta.  Both  aubataacoa  hawo  tho  aaaw  ill 
oloaMntary  oo^waitioa  and  ■olaonlar  woigbta  aa  HT.  FTaa  thia,  tho  anthora  draw 

tha  ceaelnaloa  that  both  aubataacoa  ara  producta  of  latraaolocular  rogrotqsiag  of 

hawa  boon 

2,4,&-TMT,  which  would  ajip—T  -to  bo  corroct,  aa  tha  aaao  aubataaooa  SB  obtaiaad 

o 

upon  imdlatioB  of  VT  by  aolar  or  ultrawiolot  light  ia  aa  ataoaphara  of  oiqrgea, 
hgrdrogaa,  aitrom,  aad,  in  waoaaa.  Thoao  aabstaaaoa  aro  i^iparoatly  iaoMrio,  aa 
thalr  aboorptioa  apoatra  BmOBDIpi  aro  wlrtaall/  Idoatiaal,  aad  tho  brawa  nAfliaao 


fradvitlljr  eMT«rt«  t«  tha  bluk  lAm  41aMlt«d  i»  All  tUa  prarlAMi  itM— 
t*  that  whan  light  aata  apaa  a-1IT,  phataiaaaariMtiaa  tharaof  aoeirs*  lUto 
iavalvaa  tha  feiaatlan  of  qplaazlaaa  and  altraaaphaaala  aa  a  aauaqaaaea  af  a  ahlft 
of  tha  of  tha  nltro  grot^  la  tha  ring. 

Photelaeaarlaation  oeeura  at  tha  aapanaa  of  th»  nitre  grei^a  la  tha  ortho  paaltlwB 
with  foraatlea  of  tm  laoMrie  eeaqsauoda  la  aeoerdanea  with  tha  foUawlag  aaohmlaa 


i  -  ara  darlrativaa  of  ortho-qninoxiaot  V-nitro-2-nitroBO-l-oai^th7l>5, 

6-baaaoq:ninoaa-6-oxlaa  (iasolhbla  in  oold  aeatona); 

11  -  la  a  dorlvatlTa  of  para^nlnoxiaM:  A»Bltro-6-nitroao-l-oa3nwthgrl-2^ 

5-'baiiBoqainona-2-ozlaa  (solabla  la  cold  aeatona). 

Tha  phaaaaaaon  of  photolaoMriaatlon  procaada  axeluaivaly  at  the  oapanaa  of  tha 

nltroggroiq)a  which  ara  la  tha  2  and  6  poaitiona.  Thia  la  prowad  by  tha  fact  that  la 

*' 

tha  dinltrotolueaa  aarlaa.  only  tha  2,6-laeBar  ylalda,  la  a  nanaar  analogona  with 
a-TVT,  to  producta  of  raaetiea  with  aolar  light  aiallar  tharato. 

Parlik  (Blbl.53},  aeoaptiag  tha  riaw  of  Sehalta  and  Oaagnll  aa  hia  atartlag  data 

* 

eaataada  that  tha  abaorption  apactra  of  anbataaeaa  fonaod  fraai  HIT  aa  a  eoBaaqaanoa  af 
tha  aetloB  af  light,  boat,  anlfitaa,  aad  eanatiea,  ara  waiy  alailar,  aad  that  thla 
aiadlarlty  la  i^pparaatljr  daa  ta  tha  aladlarity  af  thoir  ehanleal  atmatoraa. 


Tlw  a«pMitx  •t  m  U  «aia^  iMacrlsati^  ai«r  tlw  iail«Me«  of 
tfeo  fomatlo» 

with  IdBDOmB  of  ■OMltloo  owpoaodo,  lo  aoroljr  of  ttaorotlool  latoraot^  Inwath 
«s,  1h  prootioo,  TUT  lo  aot  sabjoet  to  tho  offoot  of  light,  m  it  lo  novalljr  houod 
in  oflM  objoet  or  ooolod  op* 

ot  -TIT  lo  sifialilo  of  rooetlag,  via  tho  BOthgTl  groap  (whleh  la  aoro  aetlTO  thorola 
than  la  aajwotrloal  iocaoro),  with  a  sorlos  of  Baoq>otaKls  (Blbl.54},  ao,  for  oaaplo, 
para-nltrohe-diaothfloalUao  and  boaaaUohjrdo.  In  tho  fozaor  iaataaeo  tho  mMM 
ooBsoquoneo  la  trlnltroboBzallo^o: 


NO,  _ • 

+on<(_);N  (CH,), 

NO, 

_n6,  _ 

-  0,N^^)CH  -  N^__)n  (CH,),  - 
NO, 


_NO‘/,0 

Mrt  n 


\KT  /rw  V. 


and  in  the  latter g  trlnltro  derlTmtlTee  of  itilbene: 


_JM02 

0,n( _ ^)cH,+ 

NO, 


°V/~\ 


in  alcahvl 


_N0, 

-  NO,<^_^CH-CH<^^ 
NO, 


Llko  othor  nltro  ec^wuada,  HIT  la  polaonona  and  tho  propor  aafotjr  rogolatioaa 
haro  to  bo  obaorrod  la  working  wi^-’  it  (Bibl.55}« 

XiploalTO  proportloa  of  HT  (Bibl.35}*  Pvrlfiod  trotyl  la  Tirtualljr  oboaioally 
pnro  a-trlBltrotolwoM.  It  la  a  good  oaq^loaiwot  phyaloally  aad  ehaaioally  atablo, 
rooiHy  aabjoot  to  proosiag,  aad  yloUiag  oaotiago  of  high  qoality. 
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Iti  bMi«  pr*p«rtl«i  am  m  ftllMst 


Slwek  •MwitlTltjr  . . .  K  •  tSi 

(«t  p  ••  10  kt,  h  ■  ?5  ea,  aal  a  aaapla  af  0.05  0i{  axploiw 
vfon  tha  drappiag  ef  a  2  kg  aalght  tr«m  a  haight  af  100  ea) 

Flash  paiatji . . . .  290* 

Xj^aaaian  la  Tranal  black  . . . .  2S5  ee 

I  Brisaaea! 

dua  ta  Hass  . . .  16  as 

daa  ta  -last  .........................  3.9  aa 

Yaloolty  of  datoaatloa  (p  •  1.62)  . . .  7000  a/sae 


Tha  Tolaaa  of  tha  gasaoas  ao^laaioa  products  la  730  Itr/kg,  tha  iUU  hast  ef 
oaplosloB  1010  kcal/kg.  aad  tha  tasparatnra  ef'  asqaloslaa  3100*C. 

.  The  saasltlvltj  of  prassad  THT  to  datoaatlon  is  lauxx  aatisfaetorjr.  Tha  liait 
of  the  laltlatloB  charge  of  aereury  falBiaate  for  pressed  HIT  is  0.30  0i.  Cast  HIT 
is  eessidarably  lass.iaasttiTa  to  detonation.  It  eaaaot  be  dateaatad  by  a  £1  Ho.d 
dateaatiag  oap.aad  tbarafera  iateraadiata  dataaators  are  used  to  ei^loda  It. 

I 

la  tha  pure  font,  TUT  is  e^leyad  to  fill  artillery  shells  aad  ’sTiatiaa  bosibs 

a 

as  well  as  to  prepare  sapping  aatarlals  aad  lataiaadiata  dataaators. 
la  Gaxwaay  eartain  type  shells 

TBIiaHf>*mj^;tasiHIIiarlssiaaa  of  aadlua  and  large  eallbap  (aiaor-piaroiag  aad 

98  eoaereta-pleroiag)  wars  loaded  ttia  anltlpla-oartridga  nathod  with  phlefsatiJiad  HIT. 

TUT  Is  widely  aaqileyed  ia  the  fam  of  alloys  with  other  soplaslTas.  prlaarily  B8X, 

as  well  as  with  diaitroa^shthalena.  Mixturas  ef  HIT  aad  aasoaiusi  altrata  are  tha 

■ast  widely  aaq>loyed  bath  for  Blli-tary  aad  for  peaastias  purpases.  For  the  fllliag 

aiatures 

ef  spaeial  «Biiti«M,  spaoiftoally,  for  shaped  eharges.aad  nlMSf  XaBlBBBi  ef  TIT 

*Zb  aeaeriaaae  with  the  data  af  tHiMti  Bihl.35*  475*.  la  this  ease,  ths  t  asp srs tare 
af  dstsaatisa  ms  taksa  at  the  fspsratara  that  waaU  iaiasa  dstsaatisa  withlB  5  me. 


U6 


aad.  IB,  HT,  BK,  alaljraft  pawAir,  vn  lylayaA.  aixtwM  oplagraA  In 

tlw  ChumM  an^  ara  praaaatad  la  Ilibla  23* 


of  Mlztwa 


Tfebla  23 


Xlxfciira  Cupmltloa,  % 


Trlalana  105 


Trlalane  106 


Dtt-1  laaoTHi 


tST 

50 

Anaoniai  nitrata 

50 

TIT 

70- 

HDI 

15 

Alvlnm 

15 

TIT- 

50 

RDX 

25 

AlandntBi 

25 

TIT 

20 

ianonita  nitrata 

70 

Altaainna 

10 

fST - 

BOX 

24 

Xliadana 

16 

TNT 

65 

RDX 

20 

iliadnna 

15 

iMoaivB  nitrata  50 


'  Daaa  of  tUxtara 


Aarial  boaba,  ahalls,  graaalaa, 
alnaa 


Fra^Moitatioa  aad  flra  aballa, 
alnaa,  aal  boiaba 


Pra^MBtatloa  and  fira  ahalls, 
alnaa,  aad  boaba 


Maval  ahalla,  alnaa, 
torpadoaa 


laval  ahalla,  alnaa, 
torpadoaa  . 


Fuiad  aircraft  boada,  terpadaaa 


bglnaara  aonltlona  (blaatlng 
eartrld'gaa,  datoaatlng  eartridgaa 
ate.) 


In  Qaraaay,  eeapealtlona  with  high  aaBwaina  nitrata  eentaat  vara  not  aa^loTad, 
aa  tha  awthod  of  filling  bj  panring  a^plopad  tbara  did  net  paaalt  tha  aananim  nitrata 
oaatant  to  ba  raiaad  abera  50fl* 


,  f. 


SMtlM  2.  Iff 


TIm  preeMt  of  pi^mlBg  TIT  souiats  of  tho  foUoNlag  otagaoi 

a)  aitratiag  toltmo  to  nt{ 

b)  owhlag  tibo  m  tr—  of  aeld  with  mtor; 

o)  froalag  tho  TIT  fMa  laparityt 

d)  drylav  tho  TIT. 

A  dlatiaetlTO  eharaetorlstio  of  rlrtoally  all  atagoa  la  tho  Marafaetoro  of  TIT 
la  tho  liquid  atato  of  tho  intonaadlato  produota  aad  tho  produeta  In  tha  proooaa  of 
production,  «a  a  oonsoqua^eo  of  tha  fact  that  they  ara  carried  out  at  fil  taaporaturoa 
higher  than  tho  aoltlng  polnta  of  ths  aubataneoa  roforrod  to. 
a)  Mltratlna  Toluono  to  TIT 

Mltratlon  of  tolaoao  to  amoaitrotoluano  (Blbl.l2,  20,  56,  57>  5Sf  59)*  Stialy  of 
tho  roaetlon  of  nitration  of  toluono  to  aonoaltrotolnono  haa  boon  dlroetod  oltllofly  to 
reducing  tho  yield  of  aMta^-nltrotoluono,  so  aa  anbaoqittontly  to  obtain  TIT  with  ■Iriaqa 
la^nrltloa.  laToatlgatloaa  hare  alao  boon  aado  of  varloua  c.haraetoriatlca  of  tho 
nitration  of  toluene  under  hatorogonooua  conditlona:  aolublUty,  diatrlbotioa  of  tha 
oo^ioBoata  in  tho  Torleua  layora,  effect  of  atirring  iqion  roaotloa  apood,  etc. 

Tho  aelubllity  of  toluono  In  aulforle  acid  of  varlona  atrangtha  at  55*  la 
illuatratod  In  Fig. 24-  frea  which  It  la  aeon  that  at  acid  etraagtha  of  loaa  than  809^ 
H2»4.  tho  aelubllity  of  tolnono  la  Tory  lew,  and  inaaaneh  aa  nitration  thoroof  la 
uaually  eoaductod  with  aa  aeld  alxturo  containing  Mro  tk»i  209K  water,  it  eanaoquaatly 
eeaura  under  hoteregeaeoua  coaditiona  with  lev  aelnbility  ef  the  tolaana  in  tha 
■inarad  layer. 


m 


Tlw  TtlMitT'  Bitntim  «ii«r  httwg— •—  ea«dlti«M  i« 


d«p«gid«it  dpM  tlM  rat*  of  acltailm,  aad  th*  aodulu  B(tli*  rati*  af  tha  aal«** 

*f  tha  aiaaral  aad  arfaaie  phaaaa).  Tha  affaet  af  tha  iataasltj  af  afltatiaa  B  tqH* 


Pig. 24  -  Solubility  of  Toluana  in  Fig. 25  -  Influanea  of  Intanslty  of  igltatloa 

Sulfuric  Acid  of  Various  Strangtha  X  upon  Toluana  Nitration  Taloeity 

a 

at  55°  a)  lleld  of  aononltrotoluaao 

a)  Toluana  dlasolvod  In  100  gB  acid 


tha  dagraa  of  nitration  of  toluana  (at  a  twparatura  of  30*>C  and  a  noduln*  of  3)  bp  a 


■laad  acid  of  tha  co^ioaltlon:  6lt$  H2SO4;  lljK  HNO3;  25^  H2O,  and  baTing  a  factor  of 


4k 


D-'tratlng  actlrity  XX  f  .n.a.  ■  '69!^  and  30  aim. 
nitration  tlaa,  la  lUnstratad  in  Pig.25.  Tha 
off  act  of  tha  Bodulua  ;9bn  th*  dagraa  of 
nitration  of  tha  toluana  (at  taqoaratura  30*C 
with  a  alaad  acid  of  coapoaltioat  55%  NaSQ^; 


Plg.26  -  Xffaet  af  Nadulua  iq>on 
Valaelty  af  Thluana  Nitration 
a)  Tlalt  af  aonaaltratalnana 


Zf%  iSJt  H2O  ,  Kith  XX  f  .n.a.  -  6«%,  awl 

50  ala  nitratlaa  tlaw)  is  iUwtratad  la  lig.26. 
Fignra*  25  aai  26  ahow  that  th*  hlghar  tha 


iataasltp  af  agltatlaa,  aad  tha  graatar  tha  -volaBBtrla  ahar*  af  tha  laartaais 
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lagrar. 


tlw  higher  the  telwiM  aitretlM  rMWilw  relMity. 


The  eeeffioimt  ef  HKHIU  dlstrlfavtlMi  of  Bitrle  Mid  botwon  the  toleww  Md 
•ulforio  Mid  lajren  (at  5^  oad  709{  H28O4}  1*  0*066,  but  with  makor  It  is  laro. 

This  tMtlflos  to  tho  fMt  that  la  botsrogoasous  nitratloa  of  tolasBO;i  altrio  Mid 
ontors  tho  orgaaie  lajror  to  aaJjr  a  aogllgibls  dogroo,  aad  thoroforo  tho  portioa  of 
the  roMtlon  oectirring  thoro  Is  pmetlpalijr  oqnal  to  soro. 

s« 

Tho  low  solnbllltj  of  tho  tplaono  la  aedsroto  strongth  solforlc  Mid,  tho  fMt 
that  tho  aitcle  acid  doos  not  mtor  tho  orgsale  lajror,  aad  tho  proaonnood  dq>oedoueo 
of  tho  tolnono  nitration  roMtlon  volooity  upon  the  Intensity  of  agitation  aad  tho 
Toltnoetrlc  share  of  tho  sdnoral  layer  aako  it  possible  to  Mouse  that  the  toluene 
nitration  roMtion  In  heterogeneous  conditions  occurs  near  the  InterfMO  between  the 
layers.  In  this  cmo,  the  velocity  will  be  detemiaed  by  the  strength  of  the  roMting 
coagionents  at  this  surface,  aad  this  in  turn  is  detemlned  by  the  rate  of  diffusiea  of 
the  roMting  co^jonents  frM  the  depth  of  the  layer  to  the  InterfMO,  and  tho  rate  at 
which  the  roMtion  products  aove  away  froa  it. 

These  processes,  m  well  m  the  state  of  the  reacting  coaq>onent,  depend  upon  the 
teaq>eratare,  the  strength  of  the  aiaced  acid,  and  the  intensity  of  alxiag.  The  dependeaee 
of  the  iX  toluene  nitratloa  rate  ig>eB  teaperature  (tlae  30  aia,  f.n.a.  70.9$, 

Bodulus  7.9)  is  Illustrated  in  Fig.27,  SOX  iriiile  its  depeadsBoe  qsen  the  fMtor  of 
aitrgtlng  Mtlrity  of  the  nixed  Mid  (at  tMpsrature  55^  aad  30  ala  tlae)  is  shown  la 

ng.28. 

A  ehaage  in  the  fMtor  of  nitrating  Mtivity  frea  64.5  to  74$  results  in  a  ehaags 
la  the  valMity  by  a  faster  of  2.2.  A  oaaparissa  of  the  tolaaao  aitratisa  rssstisa 
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-U4JWOMMIf 


100 


▼•iMitiM  la  haUofgimtnm  uA 


btMCMMMa  eMiitlflu  shmt  ttet  tlia  raactlM  af 


Taloelty  ia  bataraenaaoaa  soidltiaM  la  laaa  thaa  la  baaegaaams  eeaditlaM*  Thw, 


Flg*27  -  Effect  of  TeiQ)erature  Fig. 28  -  Xffaot  of  Factor  of  litratlng 

apon  Toluone  Nitration  Veloclt7  Activity  (f.n.a.)  of  tho  Mixed  Acid  iq>on  the 

a)  Nitration  velocity  in  Toluene  Nitration  Velocity 

Itr/min 

1)  Nitration  in  hoeogeneoue  Bedim;  2)  In 
heterogeneoua  aeditiB 
a)  Nitration  velocity  in 

Itr/aln 


for  a  adzed  acid  in  which  f.n.a.  -  73%  at  55®,  the  reaction  velocity  ia  laaa  by  a  factor 
of  four. 

The  aanufaoture  of  1NT  ia  SB  eeaplicated  in  the  fint  atage  of  nltratioa  by  the 
uaiealrable  foradtien  of  BetaHd.trotoluaae.  The  foraatlon  of ‘5  -  of  thla  laoaer 
leada  aubaeqoently  to  feiaation  of  5  -  6%  of  asyawtrloal  TNT,  eeataaiafttiag  the  TNT. 

Table  3k  lUuatratea  the  relatlenabip  of  tho  freeaiag  point  of  TNT  to  the 
aaywatrieal  laeaara  derived  frea  ^a  aeiienltreteluene  (Bibl.ll)  it  eeatalas. 

The  freeiiag  point  of  TNT  ia  redaoed  by  the  aayaaatrloal  iaaMra  preaeat  in 
'  aeeerdaaee  with  the  fellewiag  relatleaah^t  tf^^  -  (80.00  i-  0.465o},  where  e  ia 

the  pereehtega  oenteat  of  aata-nitretolneae  la  tho  Initial  Baaealtrotelaeae. 
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Kbit  2^ 


lata  ■anenitratalwa 
addad^  t 

0 

3,n 

3.» 

4,BI 

S.7S 

Fraaaiag  paint  af 
vw.  ae 

w.ao 

TB.ar 

79, ae 

7»,70 

71,  IS 

101  Ia?*atlgatl«u  har*  shami  that  tha  jrlald  of  aata-oltratalnaat  say  ba  radaaadt 

a)  bjr  radaatlan  af  tha  taaparatara  of  althatiaa  (taa  data  af  Tabla  25  aad  Flg.29) 
lUastratiag  tha  InfltMaea  af  tha  toq^aratara  iq^a  tha  laaaarie  ee^posltlaa  af  tha 
aoBonitratolaana  in  tha  nitration  of  tolnana  by  Bizad  aeld  in  idileh  f.a«a*  •• 


71g.29  <-  Zffaet  of  Taiq>aratura  vpon 
Ilald  of  Mata-Hitrotolnana  (n-lOiT.) 
a)  Ilald  a-HirT 


Flg.30  -  Sffact  of  Factor  of  Rltrating 
Activity  (f.n.a.)  tqpon  Ilald  of 
Mata-Nltrotolnana  (n-MNT) 
a)  Ilald  *401 


f'j»  lOG  Bin).  Sadoction  in  ton^arature  froa  70^  to  30°  rasults  in  a  radnetlon  in  tha 
ylald  of  ■^aFnltrotoInana  by  a  factor  of  1.6; 


Thbla  125 


Tnparatnra,  in  °C 

30 

59 

70 

- - - 7-  ■  .  ^ 

Parcantaga  eanpaaltlan  af 

1 

■aaanltratolnm 

para- 

35,0 

94,9 

33,3 

■ata- 

4.e 

5.3 

7,5 

arth^ 

90,4 

50,3 

90,3 
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b)  tqpea  tMrMM  i&  th«  tbotor  of  altntiic  Mtirity  9t  tte  aizad  •«lA,(llt.30 
lUnsintM  tho  ef  th*  f .a.a.  t^mi  th«  jrlcli  of  MtaHaltratolamM  iitMa  talUM 

altratad  for  100  aia  bjr  a  aixad  acid  eontaialag  109^  iaK)3  at  a  taaparataro  ef  55*}t 
iditn  the  f.a.a.  Is  raised  frsa  60!^  te  02. Tf,  the  yield  of  ■otaF«itretelasB«  is  rsdiead 
by  a  factor  of  2.4; 

e)  tq>oD  Introdaetioa  of  sodim  nitrite  into  the  ■ixsd  acid  (data  of  Table  26  asd 

Fif  .31f  idlers  the  effect  of  the  quantity  of 
laH02  iqson  the  yield  of  ■eta-nitrotolnene  in 
nitration  of  toluene  by  nixed  acid,  with  f  .n.a  ■■ 
-  73^  eontaininc  109t  HIO3  at  559,  for  100  nln. 

Is  shown);  addition  ef  sodiw  nitrite  Indnees  a 
reduction  in  the  aneunt  of  aeta-nitrotoloeno  by 


Fia.31  -  Kffectcof  Sodiun  Nitrite 
upon  field  of  Metar>Nltrotoluene 
(n-NRT) 

a)  Yield  of  Bk4fNT 


nearly  50^. 


The  optinm  quantity  of  sodiun  nitrite  naklng 


it  for  the  production  of  TNT  haring  the 


freesing  point  of  79^  in  further  nitration  of  nononltrotolnene  to  TIT,  is  about  6%. 

A  further  increase  in  the  addition  of  HI  sodiun  nitrite  results  in  the  ^pearaace 

of  Hzidation  products  and  nitration  products  in  the  TIT  side  chain,  resulting  in 

♦ 

reduction  of  the  freesing  point  of  the  TIT. 

The  effect  of  sodiiaa  nitrite  igion  this  yield  of  neta-nitrotoluene  nay  be  eiqilalned 
ip  tenas  of  the  concepts  of  Brown  and  others  (Bibl.60}  who  held  (true,  for  alkylisation) 
that  the  quantity  of  neta-iscaMr  fonwid  is  oharaeterised  by  the  seleotlTity  of  the 
effect  of  the  substitute  gcovp  attaekisg  the  telusne.  HsreoTor,  the  aers  astlTS  the 
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Sa»>2  la  % 

p 

Ln 

[77 

4.8 

8.0 

7,8 

E 

U.O 

Pareaataga  yield  of  aata- 
■ononltretolaaaa 

>.4 

4,S 

1 

4,1 

3,8 

3.8 

n 

"j 

3.8 

Freaaiag  paint,  in  ^C,  af 

flrr 

n,e 

n.n 

71.78 

78,78 

73, 88 

78,48 

78.80| 

< 

77,9 

rMotane*>  tha  graatar  tha  dagraa  to  wfaleh  aabatitiAioa  In  tha  Mta  poaitioa  ocean* 

Howarar,  tha  aetlvlt7  of  tha  SL  attaeklag  raaotaat  la  dataralaad  by  tha  dagraa  to 

addltloa 

which  It  la  alaetrophlllQ.  If  it  ba  takaa  that,  upon  UVUiUHUi  of  lliaM02,  tha 

nitration  of  tolaana  will  proeaad  not  only  dua  to  tha  cation  |li(fcinnod  frea 

tha  HMOj),  but  dua  to  tha  NO^axkd  NO2  (fonud  from  MaR02),.  than  tha  reaction  with 

raaetaaea, 

tha  lattar,  aa  tha  laaa  alactrophllic  WiimMIY.  niuat  rasult  in  a  anallar  ylaU  of 
nata-nltrotoluana . 

la  a  conaaquanea  of  thaaa  InToatlgationa,  tha  following  ragularltiaa  hava  baan 
aatabllahad  for  tha  proeaas  of  nitration  of  toluana  to  nononitrotoluana,  uadar 
hataroganaous  condltlona: 

a)  Tha  prooaaa  rata  la  apparantly  dataminad  by  tha  rata  of  diffnalon  of  tha 
coqionanta  In  tha  raactlon  sona,  Inasauch  as  nitration  occurs  prlaarlly  at  tha  layer 
Interface; 

b)  Tha  nitration  rata  uadar  hataroganaous  conditions  is  eoaq>aratiTely  little 
dapandant  iq>on  ta^iaratura,  while  at  the  saaa  tiaa,  tha  yield  of  ■ata-nitretaluaM 
dininishas  with  raduetlan  la  taiqiaratura.  Coasaqnantly,  it  Is  desirable  to  nitrate 
the  talnana  at  law  tamparatun*  This  will  faailltata  a  raduetlan  in  tha  yiald  af 
Mtand^tratalnaM,  and  will  feara  eaqparatiwely  little  dffaat  upan  tha  rata  af 
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altntloBt 


«}  iui  ia  tlM  fMter  of  Mtlvlty  of  tho  aiaod  ooid  for  roAwtiM  la 

iho  Boto-altrotolvoiio  ooatoai,  oad  oa  laerooso  la  tho  foalltj  of  tho  raw  TMT} 

d)  It  lo  dokiroblo  to  aako  aso  of  tho  Boot  iatoaolTO  acitotioa,  with  tho 

objoot  of  Ineroaolag  roaettoa  ro.to,  partieularl^  oador  loi^toaporataro  eoHditioas 

of  nltrotloB.  This  rooulto  la  oa  iaeroooo  la  tho  prodaetlTlty  of  tho  oyotaa. 

BOBoaitrotoluoao 

Wltrotlon  of  aoaoamalilHWitail—thUMtih  t»  ^^^^^t^^otolaoao  (Bibl.56f  59(  6l)« 

oa 

Littlo  ottoBtloa  hoo  boon  glvon  to  3m  InTootlgotlon  of  tho  rooetlon  of  nitrotloB 
aonomltrotolnoBO 

of  to  dinitrotalnono.  Thin  la  nadoratondoblo,  to  oobo  dogioo, 

InooBueh  oo,  in  tho  production  of  DIT,  thla  otogo  lo  on  intomodloto  link  botvooa 
tho  first  oad  third  atogos.  mOXimXX  Mononitrotolnono  eoaos  to  tblo  otogo  freoi 
tho  first  otogo,  ond  Bulfuric  odd  in  the  fora  of  spent  ocid  ceaMo  to  It  froa  tho 
third  otogo.  Nitrotion  of  noaonlbrotoraeBO  to  ulnltr-otoluoiis  lo  usuoUy  porfomod 
with  tho  utlllsotlon  of  oil  tho  spent  oeid  froa  tho  third  otogo,  oad  with  strong 
or  nook  nitric  odd.  This  otogo  presents  no  groot  difficulty  in  the  production  .  . 
proeoos. 

In  o  nork  by  Kobo  oad  ossodotos  (6ibl.6l},  o  study  nos  porfoiaod  pf  tho 
Influonco  of  tiau  norlouo  footers  190B  tho  nitrotion  of  tho  ortbo>  ond  pmz 
paro-nltrotoluoaooi  to  dlnltrotoluonoo.  They  dotexalaod  thot  ******  orthe- 
oad  poro-nitroteluonss  uadorgo  nitrotion  ot  rlrtuoUy  Idsntiool  Toloelty. 

Qndor  optlaiai  proooss  eoadltioas,  tho  yield  of  dialtrotoluoao  froa 
ortho-nitretolosao  Is  lOOSl,  oad  thot  froa  pora-nltrotolnono  lo  903^.  optlMB 
eoalltioBo  are  tho  foUonlagt 


195 


tvlMM 


Ori]i*-altr«- 

t«lWM 


Inbcr  of  parts  at  82^1  par  part  of 

MBsaitrstalmaa  . . 

Paresatags  atrrafth  of  8280^  ia  $  .  .  . 

TSapsratim,  Ib^c...,., . 

Bsaetiea  tiaa  la  alautsa  ........ 


'Y”  i" 

IS-»  »-*) 


Fignra  32  shenB  tha  affaot  of  tha  H  aaonat  of  90f  aalPnrle  aeid  iq>oa  ylaU 
of  dlnitrotoluoaa.  Flgnraa  33  aad  3^  show  tha  tai^aratpros  aad  straigths  of 
sulforlo'  sold,: aad  Flg.35  shorn  tha  tlaa  aad  ta^>arat«ra  (altratloa,  la  tha  last 
of  thaaa  oasaa,.was'porfonMd  la  a  asdlua  of  80f  H2S0^). 
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is  IS  iS  K' 


Flg.32  -  Xffaet  of  iiBOunt  of 

90^  Solfnrle  Acid  a  Hold 

of  Dlnitrotolaaaa  (OIT).  litration 

of  tha  ladlridual  Isoasra  of 

Bononitrotoloaaa  (MHT). 

1  -  n-mT;  2  -  o-WT 
of 

a)  Tiald/DIT;  b)  Quantity  of  R2S0|^ 


Fig.33  -  Xffaet  of  Ta^>aratura  iq>oa 
Tlold.of  Dinitrotolntaa  (MT).  litration 
of  ortho-  sad  para-aoBoaltrotolnaas  (MIT) 
la  a  Bodina  of  snlfnrlo  acid  of  ▼ariona 
strangtha 
a)  Tiald  of  OIT 


A.G.Qorat  aad  A.l.Trofaaova  bare  datamiaad  tha  foUowiag  aa|aistaa«  r^pOaritlas 
la  hataregaaaona  aitratloa  of  para-aitrotolnaaa. 

wbaa 

Tha  aitratlaa  of  para-Bltratalaaaa  gaaa  at  aatlaaabla  spaad  at  TO^/parfarasd 
wltli  aiaod  aald  la  whisk  tha  faatar  af  aitratiag  aativity  la  Aa  iasraaaa  tharaia 
to  79.MUC  iaaraaaas  tha  Talaaity  flTa-fhld  (tha  data  la  Tabla  27  aad  Fi«.3d  ara 


.Flg.34 Iffaet  of  Strongth  of  StOfnric  Fig.35  -  Iffoet  of  TM^Mratoro  vpon 

Acid.  tq>0B  Iloijd.of  DinitrotoltioBo  (DIT)  .  Hold  of  Diaitrotoluono  (l»T).  litratio* 

*  •  •  •  o 

Hitration  of  Ortho-  aad  nwaaUMtHim'liMl  of  Ortho-  aai  ParaF-NoaonitrotelnoBo 

Parap«ooonitrotoluoHo  (IfflT)  .  (lOT) 

a)  Tlold  of  DMT}  b)  Stroagth  of  a)  Hold  of  'DilT 


doscriptlTO  of  tho  Influonoo  of  tho  factor  of  nltratiag  aotlrlty  of  the  mixod'acld 

open  tho  nitration  Toloolty  of  parar-nltrotoluono  at  70^). 

Figures  37  wd  38  present  tho  relationship  between  the  nitration  Toloolty  of 

para-nltrotolnane  and  the  tesq^erature  aad  Intensltjr  of  agitation.  The  nitration  of 

para-nltrotolnone  was  perfonud  by  a  nixture  of.  the  following  cos^osltlon:  'fjf 
and 

U%  88031/23^  H2O,  for  30  aln.  In  tho  first  Instance,  the  t«q;>erature  changed;  in  the 
second  It  was  constant  (7(fi)* 

The  data  of  these  eo^rlsents  show  that  the  reaction  relecity  of  nitration  of 
■oBonltrotolnene  under  heterogeneous  ceadltieas  d^nds,  as  does  that  of  toluono, 
tq>OB  the  intensity  ef  agitation  (the  siae  of  the  layer  interface).  Howorer,  this 
relationship  Is  HI  soaswhat  less  distinct  than  la  the  ease  ef  tolaene. 
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Ikbl*  27 


lot 


a) 

71,13  I 

74,07 

78,«8 

17, Tt 

70,34 

,^%-t 

13,3 

43,0 

00,3 

74,4 

03.0 

'tlr/fiMi 

17,1 

1 

46.5 

63,1 

7»,7 

83.8 

a)  Factor  of  nitrating  aetiTity  in  %i  b)  Qoantitj  of  nitrated  nononitrotolnona. 


Tho  roiationahip  of.  tho  nitration  Tolocitjr  of  nononitrotolnono  WL  under 

toatifioa 

hatorogonoous  conditionc  to  tho  intonaitx  of  agitation  to  tho  fact  thSit 

nitration  oceura,  to  a  conaidorablo'  dogroo,  in  tho  rioinit^  of  tho  intorfaeo.  In 
addition,  nitration  oceura  in  tho  niaoral  la^or,  whora  tho  coneontration  of 
nononitrotoluono  nndor  tho  conditiona  of  thia  proeo.sa  is  aufficlontly  high  (boo 
tho  sclubilitj  of  acncaitrstslusns  in  aulfnris  acid,  p.l62). 


Fig.36  -  Iffoot  of  Factor  of 
■itrating  Astirlty  of  Mixod 
Aeid  (f.a.a.)  lltratiwi 
Toioolty  of  Fara-aitrotolnom 
O  at  70* 


Flg.37  -  Iffoet  of  fanporatnro  iqmi 
Para-nitrotolimio  (nr)  litratioa 
Toloeity 

a)  Quntitj  of  nitratod  MT 
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■itimtica  •r  U  tiliitmTliTiT  (Bibi.59,  62,  63,  (ik,  65} 


Tb*  ■itrfttiM  of  dlaitrotalvMM  la  tho  alMMat  atac*  la  tba  proaaaa  af  pradift^ 

i  antara,^  ^ 

xte  apead  at  which  a  third  aitro  grauW  in  a^ltla(|Jo^ 
aa  a  eouaqaaaea  of  the  pronoTaea^aiidildHqflbd9y"tha  two  aitra  grawpa  alraadjr  la  WOL 

baaiaaa  riag»  afcMnoiPHAaMMMBHaBIHHHMni^.  Thia  la  claarlor  arldaai 

aa  tha  baaia  af  tha  altratloa  af  dlaltrotalaona  bjr  atroaf  altrle  acid,  which  raacta 

with  it  at  aa  inal^alflcaat  raloclty.  Aa  laoraaao  la  taaiparatTira  haa  llttla  affaet 

vqsoa  thla  velocity,  it  only  aakaa  for  tha  davelopaMBt  of  powarfnl  axidiBia( 

propartlaa  (Blbl.62,  65)*  Tha  alzod  acida,  particnlarly  atroag  alxturaa,  aitrata  tha 

dlaitrotolnaha  at  a  higher  rata  thaa  does  pure  nitric  acid  Alena. 

Tha  nitration  reaction  velocity  nadar  hoaoganaona  eoBditloaa  dapahda  iqiaa 
tha  coacantratlon  of  anlfnrlc  aeid,  and,  according  to  Boaaatt  and. Bread  (Blbl.63) 
foUowa  tha  ragnlarity.  illnatratad  in  "Flg.39.  Tha  anthora  perfon  nitratiaa  of  0.4  aala 
of  diaitTOtoluano  by  0.2  aola  of  R)i03  dlaaolvod  la  16.8  nelaa  of  R2SGj^  of  varioaa 
atraagtha  at  90**. 

According  to  atxillaa  by  Ta.Ia.Orlovm  (Blbl.59,  65),  thla  WglAUMi  regularity 
chaagaa  aa  the  atrangth  of  tha  HHO,  in  alzad  acid  risas.  Aa  wa  sea  fren  Fig. 40,  the 
rata  of  nitration  of  dialtrotolaaBo  takaa  in  a  quantity  of  0.70  aala,  by  3*2  Balaa  af 
RRO3,  dlaaolvod  in  12  aolaa  laoraaaaa  whan  oaa  convarta  froa  tha  uaa  of  87^ 

to  100!^  H2S0/^.  Thera  la  ao  altratloa  velocity  aarlanat  in  thia  range  of  aoid 
atraagtha. 

It  la  not  difficult  to  dooaatrata  by  cca^utatloa  that,  in  aind  acida  having 
a  largo  aaouat  of  HMO^,  only  a  portion  tharaof  eanvarta  to  tha  aetiva  nitrating 


i 


tvm  Mjp*  With  th*  laercM*  Im  airtacth  tt  tlw  i29K>^»  tb*  ahar*  af 
iaanamm,  aad  tha  altratiaa  valMity^'iaaa.  Oidar  thaaa  oaailtiaMf  tha 
■itratiea  ralacitj  aarlw  ai^araatl^  ahlfta  iato  tha  ragiaa  of  hi(hw  aalfnria 
aoid  atraafth. 


Fig. 38  -  Effect  of  Intensity  of 
Agitation  upon  the  Rate  of  Nitration 

of  para— Nitrotoluene  (MNT) 

a)  Quantity  of  nitrated  MNT 


Fig.39  -  Effect  of  Concentration  of. 
Sulfuric  Acid  upon  the  Hate  of  Nitration 

a 

of  Dlnltrotoluene  pider  Homogeneous 
Conditions  (  Sulfuric  Aald  wj.th  Low  Content 
ofHN03)* 


In  the  h>^nctloa  of' TNT,-  the  nitration  of  dlnltrotoluono,  llko  that  of 
*  « 

I  0  • 

toluene  aad  moaonltrotolueno,  occurs  under  hatarogonaoua  conditions.  In  this 
situation,  the  process  rata  consists  of  the  rates  of  the  proeossas  of  diffusion 
of  tha  raaeting  eoapoaents  tnm  one  layer  to  the  other,  aad  than  of  nitration. 

The  total  'rsloeity  is  datamiasd  by  the  Toloeity  of  the  slowar  proeosa.  If  the 
ealeeity  of  nitration  is  higher  than  the  reloeity  of  diffusion,  the  raastion  will 
usually  ooour  at  tha  iatarfaoa,  as  tains  plaes  in  tha  ease  of  nitratian  af  tolaana 
aad  MnoaltrotalnaM.  it  lav  nitration  ealaeity,  raaation  viU  aoeur  eithin  that 

ilOO 


XDB  lajrw  ia  lAieh  IB  raMtaat  o«p«Miits 

It  !•  widwt  trm.  TigJkl  that  th*  Ttlaeity  at  wtaleh  dialtratalaMii  ia 
altratad  nadar  hataragMaoaa  oaadltioBs  la  abava  acaa  apaaifia  flgara  aad  ia 

praetiaallT-  ladapandaBt  af  tha  iataaaitx 
of  acltatioB  (altratim  waa  emidvetad  far 

40  aia  ^  a  alaad  acid  of  tha  fallMiaf _ 

eoi^eaitioa:  81^  16$  ta^>aratura 

9(fi,  aad  aadnlaa  1.5)>  Tbia  paralta  ona  to  ■ 
eonoloda  that  thh  bulk  of  tha  aitratim  of 

Fl(;  40  -  Sffaot  of  Sulfuric  Acid 

Strangth  tqsoa  Dinitrotolnana  dinitrotoluaaa  procaada  not  at  tha  latarfaca, 

Mitratioa  Talooity  undar 

but  within. tha  lajrara*  Agitation  ia  naeaaaary 

Hcaoganaoua  Coaditioaa'  (Mixad ‘Acids 

with  High  BO.^  Coatant)  homvar,  to  aasa  tha  diffusion  of  tha  -  raacting 

co9q)onants  in  tha  raacting  zona. 

Dinitrotolnana  raadily  diaaol-vas  in  sulfuric  acid  but  tha  solubility  of  'MT 
tharaln  is  consldorably  poorar  (data  on  solubility. at  100^  ara  priMantad  in  Thbla  28 
aad  Flg.42. 

106  Tha  solubiiity  of  alleys  of  dinitrotoluans  and  taiMlka  trinitrotolusas  lias 

botwaan  tha  solnbilitias  of  pura  dinitrotolusna  and  pura  triaitratoluaaa,  and 
eoi^>osition 

dapaads  iq>aa  tha  pidittrt  of  the  alley.  With  iaoraasa  in  tha  IST  eaataat,  tha 
solubility  of  tha  alley  Xi  diainishas.  A  substaatial  raduetioa  in  salability  is 
obsanrtid  ataan  20  -  30$  TIT  is  addad  ta  tha  dinltrotolasas.  Furthar  ahaago  in 
solnblllty  aaaars  mtn  ■sathly,  and  salability  in  radaaad  in  prapartian  ta  tha 

n 

insrsMa  in  tha  ST  aantant  ia  tha  alloy.  Tha  salaibility  of  the  prodasts  dspwifts 
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THikl*  20 


h) 

\  87 

1  91  1 

96 

100 

10.7 

21.5 

54,0 

76. 

6,0 

16,0 

36,0 

ss 

8.7 

U.7 

30,4 

35 

1.1 

12,0 

25.7 

16,6 

6,0 

11.5 

22,5 

0 

6.1 

10,6 

19,7 

a.)  Dinltrotolum*  ooat.ant  in  alloy  xith  THT,  >({  b)  Solubility  of  alloy, 
in  sulfurio  acid  of  varieua  atron^hs,  %, 


I  I 

7ic.4l  -  Sffaet  of  Intonaity  of 
.igitatioa  flC  iqjon  Oinitrotolueno 
(BUT)  litratioB  Velocity  , 
a)  iaount  of  SIT  nitratod 

a 


Fig.42  >  Solubility  of  Dinltrotoluaao  (BIT) 
and  AUoya  Tharoof  with  ItdaitrotoluiBa  (TIT) 
ijt  a  Sulfuric  Acid  of  Various  Straagtha 
a)  SiaselTod 


greatly  upon  the  strength  of  the  sulfuric  acid  and,  to  a  ceasidarably  saallar  degree. 


i^on  ts^erature. 


Hhea  the  diaitrotolueaa  -  TIT  alley  uadergees  partial  solutiea,  the 
dialtretelBaae  is  distributed  betwsea  the  layers.  Diaitretoluiae,  as  a  prsduet  ef 
hig^  salability,  gees  iaie  the  alBeral  layer  in  larger  quantity  than  dees  HT.  Ttas» 

o 

thm  BlMral  layar  bssiass  enrished  la  diaitrotelMM,  wImb  iwqiai  sil  te  tbs  siiaBie 


IcTwrilMlwa,  th«  •t  ilstritatiMi  ilidirwtcltMM  i«  -nty  aatll 

(0.3  ■>  OA),  dm  t*  th«  Itw  mldbllitx  tb*  aUays  la  nlfarie  mid.  This 
tMtiflm  to  the  UfejUU  oeaparatimljr  low  strmfth  of  tho  dijd.trotolmM  la  tte 
aiaoral  lajor. 

of 

Tho  rolatloBship  of  tho  eoofflelaat  of  dlotribotioa/diaitrotolmno  ul  tho 
•olnbllltj  of  a  50/501^  dialtrotoluono  -  TST  allox  ^  B280|^,  rolatiTO  to 

to^Mratnro,  la  ll^ostratod  la  Tablo  29.aad  la  Flg.43.  ahoroaa  Flg.44  lUmtratoa 
tho  offoet  of  tho  ftroagth  of  tho  aulfnrlc  acid  at  90*  iq>oa  tho  oooffleloat  of 
dlatrlbntloa. 

Tho  eoofflelont  of  distribution  of  nitric  acid  botvooa  tho  alnoral  and 


organic  laxors,  idien  dialtrotoluono  hag  boon  nitratod  In  93!{  B2S0j^  at  90*  (soo 
data  in  Tablo  30,  proaoatlag  tho  Influonco  of  tho  aaount  of  HSO^  la  tho  aisod 
107  acid  iq)on  tho  dialtrotoluono  nitration  uolocitx)  in  approxiaatolx  *<10*1  to 

unltx,  and  this  tostlfios  to  tho  high  dogroo  of  absorption  of  tho  nitric  acid 
bx  tho  organic  layor. 


Tablo  29 


Toaporatnro  In  *C 

70 

80 

85  . 

90 

'DissolTod  allox,  % 

16.8 

18,2 

J9,0 

17,9 

19,3 

19,3 

18,0 

i' 

19,0 

Inoludiagi 

Dialtrotoluono 

13,8 

13,2 

13,4 

12,9 

12,1 

11,9 

10,5 

6,9 

m 

3,0 

8,0 

8,6 

5,0 

7,2 

7.4 

7.5 

10,1 

Ceoffiolont  of  distribution 
(R) 

%  dialtrotoluono  in 
_ ■ml  iflTfr _ 

0,32 

0,31 

0,31 

0,29 

0,26 

0,26 

0,22 

0,18 

%  dialtrotoluono  in 
orgaaio  laxor 

- 

n 
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Fig  .43  -  Iff  acta  of  Toqporoturo  Flg.4^  -  If  foot  of  Stroagth  of  Solftede 

upon  Olatributloa  Cooffleloat  E  Aold  iqMa  Distribution  Cooffieisnt  S  of 

Oiaitrotolusno  bstvssa  MinsrnI  *  Diaitretolnaos  botwoon  HlBsral  sal 
sad  Orgsnlq  Laysrs  ,  Organic  layora  " 


Tablb  30 


Farcantaga  of  Nitric  Acid 
in  Nizad  Aclcl 

6.1 

9,3 

16,7 

22.7 

35.6 

35,6 

35.6 

38,8 

41,5 

Trinitrotoluani 

obtained 

it-aole 

Itr'  1 

'  Hoaoganaous 
ooaditlen 

0,420 

0.455 

0,510 

0,535 

0,375 

0,361 

—  ’ 

— 

— 

Hataroganaons 
condition  1 

0.326 

0,394 

0,450 

0,435 

0,550 

0,535 

0,524 

0,492 

0,357 

Coaffielant  of  distribution  of 
HRO^ 

%  HHO^  in  ainaral  layer 

1.24 

!. 

1,20 

1,62 

1 

1 

1  0.84 

0,99 

0.99. 

0,99 

1 

0.91 

1,05 

%  HK>'a  in  organic  layer 

, 

1 

Under  haaoganoons  and  hotarogonoous  conlltioan,.an  iacraasa  in  tha  strangth 
of  tha  HHO^  in  a  aiaad  acid  raaults  in  tha  raaetioa  ralooity  rising  vp  to  giTsn 
liaita,  sad  than  falling  (aaa  Table  30  and  Fig.45}.  Under  hatarogaaaeus  oonditlaas, 
tha  aaziauB  shifts  in  tha  direction  of  adbctnras  containing  aora  HHO^.  Cognitatian 
of  tha  strangth  of  the  HEO^  in  tha  aiaaral  layer  in  taras  of  tha  eoaffioiaat  of 
distribotion  shows  that  its  Talus  is  the  saas 
the  rata  of  nitration  la  a  boBoganaous  aadlaa 

2ek 


as  that  at^straagth'^RIO^  at  irtiioh 
oht.a1ws-  its 


vad«r 

Una,  upMi  aitratlMi  S  hatwg— — ■  eMdltiau,  radaotlM  af  tha  atrcagili 
ot  tha  la  tha  aiaaral  la^ar  radaoaa  tha  diaitratalMaa  altratiaa  Talaeity, 
mad  tha  bulk  af  this  ehMical  la  altratad,  i^parwtljr,  la  tha  alaaral  ItTar.  As  a 
eeasaqnaaea,  as  la  arldaat  la  Tabla  30,  raduetiaa  la  tha  valaelty  of  altratiaa  af 

a 

dlaltrotoluana  aadar  hatarog«Baoas  eoailtloBa,  as  eoi^tarad  ta  tha  taloolty  tiaAar 
heaegaaaatia  omdltloas,  la  elaarljr  srldaat  ahan  tha  qnaatlty  of  HMO^  la  asall. 

^ar  tbaaa  eondltlona,  vrldaatly,  and  tbaaks  to  tho  ooaaidarabla  aolutioa  of  tha 
nitric  acid  Inorganic  lOTor,  tha  nitric  acid  raulna  in  tha  adaaral  lay«^to 

only  a  vary  aaall  dagraa.  Whan  thara  is  a  largo  axnoaa  of. nitric  acid,  no  sharp 

nitrabilitjr  « 

dlffaiwea  in  tha  dagraa  of  aiahUtiai  of  dinltretolnona  in  hotoroganaona  and 

hoaMgansouo  awdiusa  la  obsarrod,  aa  aneh  aa,  dsapita  Ita  aolntion  in  tha  organic 

lajrar,  an  azcaaa  of  nitric  acid  OTor  tha  aa»tmt  raqnlrsd  for  nitration  rnaaina  in 

a 

tha  adnaral  layer,  and  tharafora  hlg)]  nitroblUty  ocenra. 


«» 

a)«* 

«] 

« 


0 

rti 

>< 

X 

7 

1 

< 

>- 

>) 

4 

J 

□ 

h  1  iJ 

t  M  »  n  30  M 


in 

Flg.45  -  Iffaot  of  HIO3  a  mzad 
apoB 

Acid  tiHlas  Bata  of  lltratian  of 
Oinitrotolnana  to  n'laltrotalnana 
(TUT) 

a)  m  pradnead,  IMWil^  ; 

Itr 

b)  a  -  hMsgssaans  aasdltlMHi} 

0)  A  -  hataragasaass  aaadltiaaa 


Flg.46  -  of  UlltU  Strangth  of 

•nlfnrle  Aeld  upon  lata  of  Mitratiaa  of 
Dlaltratalnana  (BIT)  allayad  with 
Trialtratalnasa  (TIT) 
a)  Aaonst  af  MT  nitratad 


ao5 


Ttw  — *<—  r«t#  «f  altmtlMi  at  a  fivni  eaaawitratlaa  af  aalfarit  aaU 
ud  a  Mall  Mnat  af  WKy  aaah  aa  la  abaarradi  uadar  hMagtaaata  aaaditiaaa, 
ia  ^  hatarafanaana  aaadltlaaa  (aaa  data  af  Tabla  31  aad  TigJti,  ahtndac 

tha  affaat  af  tha  atraagth  af  tha  aalfurle  aeid  vpom  Bitratian  aaa^Hiyt  falaeity 
(at  100°)  of  dinitratelaasa  alloTad  with  TR;  whan  tha  aixad  aolda-  aaplayad  eeatalaad 
10!( 

Tabla  31 


’  . 

• 

b)  • 

;  ^ 

1 

95 

98 

101 

104 

0 

7.8 

21,0 

22,0 

— 

. 

- 

•  24 

7.1 

19.5 

22,0 

^  — 

45 

2,0 

18,2 

22.0 

— 

64 

0 

17.5 

27,5 

— 

■  — 

84 

0 

26,0 

48,3 

74,0 

75,0 

78,4 

92 

— 

— 

47,0 

81,1 

82,7 

83,9 

a)  Parcaataga  trinitrotoloma 

IMnTI^tiiiUil^Xi  la  Initial  dinitrotoluana;  b)  Dinltrotolnaoa  nltratad 
in  30  Bin,  in  %,  at  Tarlona  atrangtha  of  H^SO^,  % 

Trinitrotolnana  alao  haa  a  significant  offact  vpQn  tha  dialtrotoluaaa 
nitration  oaloeitj  ondar  hataraganaoua  coaditlona,  although  this  Inflnanea  is 
rathar  paenllar.  Plgnra  47  shews  tha  inflnanea  of  WT  iqpon  tha  dinltratalnom 
nitration  Tslocltj-  bf  nixod  acids  at  90*.  Vo  saa  that  tha  addition  af  19  to 
66  -  70a  m  to  tha  nltratad  dinitrotolnana  cawas  a  drop  af  aara  than  509K  ia 
tha  dagraa  of  nltrobllltj.  Partbar  iaeraaaa  in  tha  additlaa  rasnlts  la  aa 
laitriiMS  la  tlM  dagraa  af  -^trabilitjr  of  tha  dizdtratalaaaa  wbish,  wbM  tha  aUap 
aaatalaa  Vt,  la  vlrtaaU^  aqpal  ta  tha  dagraa  af  altratiaa  af  para 


Om  tto  bull  •t  tlMs*  data, 
of  toluaiw  to  TMT 
aitratlea'; 


Fig  .47  -  Sffaet  of  Trlolti*otolBOQO 
I^PBCTMT)  upon  Olnltrotoluono  (DNT) 
lltratlon  Foloelty 
a)  Aaoimt  of  DMT  riitratod 


rtaetioB  MCbanlaB  el  ibe 
eeaaelTe  ef  tba  fellMRiag^j|lMMHM 

vaier  heterecwMeae  oMdltleas. 

The  aitratlea  ef  teleaae  te 
■eaealtretelMBe  aad  that  of  BeaeBltretel 
te  dialtretoloeBe  oader  heteregeBoees 
eenditieas  is,  te  a  eeaaiderable  degree,  a 
"aorface”-  reaetioB,  as  is  erideat/  froa  the 
dopendeBoe  ef  its  rsloeity  iqisB  the 
iatoBsity  of  agitatioa.  The  dlBitretolaoBe 
nitration  reaetien  aider  beteregensens 


conditieas  is  iu>t  limited  solely  to  the  interface  (as  is  proTod  by  the  low  degree 

of  dependeBce  of  its  Tsleeity  190a  the  intensity  of  agitation),  bnt  penetrate^  to 

a  ooBslderable  depth  iiJ^ the  aineral  layer  (the  reaction  oeonrs  chiefly  in  the 

aineral  layer).  The  reacting  ocqponents  -  dinitrotolueno  and  nitrio  acid  undergo 

distribution  into  the  respsctiTO  layers  in  accordance  with  their  selnbillty  therein 

of 

and  with  the  ratio  of  tiie  TeluBes  of  laye»*8.  In  the  nitretinn  H  dljilti«to:lbwvn, 
the  reaotion  will  proceed  within  both  layers.  The  rate  of  nitratlea  la  the  orgaaie 
layer,  which  i^^Mreatly  occurs  only  when  the  factor  of  ni.tratlBg  aetielty  is  high, 
is  considerably  lower  than  the  rate  of  nitration  in  the  alaerax  layer  [aeeerdlBg 
to  Lewis,  by  909K  (Bibl.66)]. 

The  reasoB  for  this  la  the  fact  that  the  ergaaie  layer  ceataias  ealy  nOj, 

«■  wtriaally  dees  net  s«Ur  this  lar«r>  Tharefsie,  if  the  eslMM 
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bcfewMa  tlM  arfM!*  uA  aliMMl  la^vn  la  «som4«m«  i,itk  iM  MlabilltiM 


tbtrala,  awi  rati*  bttwMa  the  t*1mm  of  Ijm  tho  lagror**  Ao  tko  roootion 
proooado  aad  tho  lajrar  of  IVT  iaerooooo,  tlMi  qpiaatltr  of  dialtrotolMiM  dlosolood 
la  tho  aitro  alztoro  dlalnlshoa* 

Tho  BOfatlTO  offoet  of  HT  npoa  tho  nltratioa  Toloeitj  ia  aodlfiod  oaaowhat 
tooard  tho  oad  of  tho  proBOoe^  irtioB  Mdjr  a  aaall  aaoaat  of  laeoaplatoly  iHiOIlBhl 
altratod  dlaltrotoluono  roaalBS  la  tho  aolt.  Uador  thooo  eoadltioBo,  it  is  ' 
obVioua  that  tho  rolatir*  obaro  of  dlaltrotolnoao  ia  tho  aiaeral  lajror  Kill  bo 
.  groator  ddo  to  tho  fact  that  thia  layor  is  not  oatoratod  with  dinitrotolaoao, 
as  a  ooBsoqueneo'of  tho  aaall  aaoaat  of  tho  lattor  raaainlag* 

Thus,  the  aost  farorablo  eonditiono  for  hoterogaaooiia  aitratioa  of 
.  diaitrotolaono  are  those  existing  at  the  start  of  the  proeoss,  ahoa  the  organic 
layer  e<msists  of  pvire  dinitrotolaeno.  Under  these  eonditioas,  the  process  9 
Telocity  will  be  aaxlaal. 

The  least  fSTorable  conditions  for  nitration  are  those  at  tho  sad  of  tho 
process,  shea  the  aaosnt  of  diaitrotolaone  aetire  in  the  aiaeral  Ivor  i*  saall. 

In  order  to  liicreaso  the  aitratioa  Tsloeity  at  tho  and  of  tho  proeoss,  it  has 
to  be  eondueted  at  the  higher  tav>eratuzo,  or  a  coaeoatratod  acid  alxtaro  aust 
bo  evloyed.  At  tho  start  of  the'  process,  sad  as  a  eoBsoqasBeo  of  tho  eeaslderablo 
eoneentration  of  diaitrotolaono,  weak  alxod  acids  say  bo  aaploysd,  sad  aitratioa 
say  be  oarriod  eat  at  lower  tsaporataro.  Thus,  la  this  preooss,  eoaaterearreat  flew 
between  the  eespeaad  being  aitrated^aad  the  alxed  sold  doing  the  aitratiag  is 

o 

aadeeirable. 

aw 


A»  kH  ilr— <7  bMB  iadle*t«d,  tto  BltMtiM  vtMtlaii  la 

iMiarogMMw  emidltlaM  pro«MA«  pxdaarll7  la  tlM  nlimral  lagm*,  aal  paw^awitty, 
its  vslsoitj  is  dwistaiasd  ^  tks  velsas  of  this  lagrtr,  aai  ths  seBosatrstieB  of 
ths  rssetiBg  eMQMSiSBts  thsrsia.  Tbsss  Isttsr  aay  bt  datsmiaod  sb  ths  basis  of 
ths  eosffieisBt  of  distribntioa  of  tbsss  eeapoBsats  bstwasB  ths  aiasral  sad 
orgaoie  lajors. 

Ib  World  War  II,  nltratioB  of  tolusao  to  1HT  wat  psrfonnd  in  thrss  stagss, 

•  •  * 

in  ths  aajority  of  ths  sarriag  eountriss,  with  eoaq>2ate  acid  elrculatioa.  lOS  • 

s 

Ths  third  stags  oa^loyod  a  aixad  acid  aade  of  frosh  aolla;  whsross  ths  SMond  and 
first  iZ  stagsa  aado  use  of  aixad  acids  prspared  fros  ths  spsnt  acid  of  ths  prseadlag 
stags  of  nitration,  and  nitric  acid.  As  a  rols,  the  proesss  was  mn  in  bateb-tjrps 
apparatus.  Pn>csssos  of  this  typo  wars  aaploysd  in  ths  ISA  (Blbl.67,  68), 

Gsraaxqr  (Bibl.58,  67,  68),  and  Japan  (Bibl.67)« 

In  ttigland,  TWT  was  producsd  b7  nitration  of  tblnsns  hgr  ths  so-oallsd 
eountsrcurrsnt  asthod.  Ths  first  stags  -  nitration  of  tolims  to  aonoaitrotolusns  — 

s 

was  carrisd  out  in  ordinary  batch-typs  nltrators.  Tbs  sscood  and  third  stagss  -> 
ths  nitration  of  aononitrotolusns  to  IKT-wsrs  psrforasd  in  coBtinuons-aotiag 
apparatus  of  spscial  dssign,  wtaioh  diridsd  this  proesss  into  14  sub-stagss  (Bibl.20). 
This  "oeuBtorourrsat*  asthod  of  Bltratima  aakss  for  ths  aost  sooncaleal  utlllBatioa 
of  sulfnrlo  aad  nitric  acid. 

Ib  ths  thrss-stags  asthod  of  prsdueiag  THT,  the  esasis^isB.  sf  aeids  is 
cenlldsaFahly  grsatsr  thaa  ia  ths  ■ssaatarearrsat*  aethod,  aad  this  aakss  it  Isss 
adwaaUcssas  frai  ths  sssasals  psidt  sf  TUar.  Msssssr,  this  asthod  also  has 
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pMltlTt  Mpcet*,  t«  a)  eo^taM*  of  tho  altntloa  uilto,  nA  b)  tho  ibot 
that  tho  raw  HIT  ebtaiaod  bao  a  high  Arooalag  point  (79*5  -  79«6*),  aai  oirtaa^Jjr 
roqairoo  ao  forthor  pnrlfieation.  Tho  parity  of  tho  TVT  obtaiaod  ia  tiqilaiaoA 
fay  tho  fact  that,  la  this  sitnatioa,  nitration  is  porfomsd  at  a  leaor  toaporataro, 

r  .  and  with  eeneontratod  Bind  aolds.  Togothor,  thoss  faets  load  to.  a  rodastieci  in 

*  • 

111  the  nsta-iseswr  content,  and  8ubsoq[aontl7  of  tho  asTaaotrioal 

•  o 

.trinitrotoluenes  eontaaiaating  the  IRT. 

Goman  notheda  of  TRT  production.  Coal  and  STnthotlo  toluenes  wei’a 
'  •  •  ••  ", 

^mployed  la.Oomany  during  Vorld  War  II  for  HIT  aanufaoturo. 

Synthetic  toluene  (aade  froa  banaene  and  nethanol)  did  not  differ  in 

1  identical 

quality  fren  that  obtained  froa  coal,  and  was  «q>loyed  under  iflOBBOM.  prod.uctloa 
conditions*  The  aajor  specification  to  be  net  by  the  toluene  was  the  distillation 
internal.  Sot  loss  than  9QS(  of  the  toluene  had  to  go.oTor  in  a  range,  of  0.6^, 
and  not  less  than  95%  in  a  range  of  0,B°, 

At  sene  plants,  nononitrotoluene,*  containing  about  UCneta^isener  was  used 
as  the  starting  substance.  This  nononitrotoluene  was  provided  by  IX 
IQQCllSBQIX  I.G.Farbeninluetrie,  whlfah  isolated  neta-hitrotoluene  for  dye  prodiiction 
fron  technical  nenonitrotoluene  <Migst  (Bibl.5,  70). 

Figure  AS  lUustrates  the  flew  sheet  for  nitration  of  toluene  to  TKT. 

The  nonenitreteloene  was  produeed  in  the  saai-eentinuons  iqiparatus  (Bibl.70), 

The  process  consisted  of  prelininary  nitration  in  a  centinueus  i^iparatns  (pronitrster) 
and  csavletion  ef  the  nitration  in  a  batch-type  ^paratns. 

*  Tblnsne  and  niasd  acid  prepared  trm  freah  asld,  and  ccawisting  ef  60> 
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pra-aitiwUr 

25  -  T/dL  ino^  aad  12  -  15!^^  ar*  i«liv«r«2  t»  tk«  PBlBinnii  thr««|)i 
variabla-trM  Haw  wtara*  Iha  tamparattM  af  aitratlw  ia  36  -  3t*>  Tha 


pi«-aitjrat«r  la  a  ivbnlar  haat  aashaagar  altli  aa  latartar  i^pallar  aakiac  360  rpa. 


Tha  eaataata  of  tlM  pra-aitratar  proeaad  ooRtiaoalljr  ta  a  aaoaai  batab-typa 
altrater,  iriiara  nitratiaB  ef  tha  praaaaa  ia  eaa^latad  in  abaot  k  fara. 


Fig. 49  -  Flov  Shaat  Showing  Prooeas  of  litratlag  TPluana  to  TUT 
1  -  Storage  for  thlrd-ataga  aixod  acidt  2  -  Storage  for  aaeond-ataga  nixad  aeid; 

3  -  Storage  far  flrat-etage  W  aiasd  acid  5  L  -  Toluene  atoraga;  5  PraliaiiBarT 
Ut9hta  nitratori  6  -  Flrat-ataga  nitrator;  7,  6,  9  -  i^paratna  for  waahlag 

■ononltrotolaanat  10  -  Water  tank;  11  -  Soda  aolutlon  tank;  12  -  Tank  B  for 

fli 

Ia(ffi  aolutlon;  13  -  Sacond-ataga  nitrator;  14  for  aaeend<>ataga 

aixod  aelda;  15  -  Third-ataga  nitrator;  16  -  Metering  for  thlrd-ataga  aixad  aeid 
a  -  TVT  to  waahlng 


After  tha  batob-tjrpa  nitrator  haa  bean  filled  with  tha  product,  doliTor7 
pra-4iltrat«r 

frea  tha  pmtiiitndB  ia  avitehad  to  a'aaeead  bateh-tTpa  nitrator  analagoua  to 

a 

the 

tha  firat,  and  the  flrat  than  awltohaa  to  aaparatlai  ef/Boamitratalnoiip  froai 
the  apant  aeid  BZI  by  aattling. 

The  apant  B  aeid  than  gaaa  to  roeoTory.  Aeid  aeatalaing  laaa  than  0*39K 
Btrla  aeid  la  sent  lanadlataly  ta  oanaantimtiwi,  withaat  danitratiaa. 
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After  MparetlMi  froi  tlM  apMt  Mid,  tte  aeBMiltreteltMae  jla  nMhad  with 
water,  aevtrellied  with  eeda,  aad  oleaaed  by  live  stewa  dlstilletiea.  These 
operetloBs  are  heU  to  be  BeeMseiy  If  mperifiod  teloeae  is  ss^loTed  ia  aitretiea.*' 
The  frsetioBi  osetelaiag  |»**»****  gssoliae  ■dv-wdliaeos^letelr  nitrated  tolMwe^whieh 
are  reaoTSd  bgr  stean  distillation,  is  3  -  Ait* 

imawf 

SosM  plants  in  Genaay^  hSTS  Installatioas  for  llEaZXli|  of  the 

■OBonitrotolasBO  so  as  to  separate  the  aeta^lsower.  It  was  asswMd  that  this 
would  wake  it  possible  to  elininate  subsSquent  pnrifieatioa  of  the  TIT.  Howsrer, 
operating  eiqserienee  at  these  plants  showsd  that  separation  of  a  wets  isoawr 
presented  najor  engineering  difficulties,  and  that  It  ms  rery  difficult  to 
obtain  BOBO  TVT  Tirtually  free  from  neta-isoMr. 

The  production  of  the  dinitrotoluene  is  carried  cut  in  nnether  building  in 
bateh-tTpe  nitrators  (the  nltrators  were  of  15  ei^)aelty).  The  nixed  acid  used 
in  this  stage  was  spent  acid  frota  the  third  stage  with  the  addition  of  nitric 
acid,  '  At  a  nunber  of  enterprises,  the  nixsd  acid  was  nade  in  the  nitrator,  with 

•  .•«  e 

Bononltrotoluene  then  ^>11  in*  Hitratlon  tewperature  wais  5$  -  60°. 

The  dinitrotoluene  obtained  was  separated  fron  the  spent  acid  19=  Ab  bhe  fused 

•  • 

e 

state.  Separation  was  perfonasd  directly  in  the  nitrators.  The  spent,*  separated 
acid,  was  forced  into  special  containers  by  cewpressed  air,  and  the  dinitrotoluene 
was  then  deliTored  by  pressure  into  the  third-stage  nitrators. 

The  spent  acid  was  diluted  with  mter  to  obtain  73  -  7$% 
raelAnalL  iinltreteliNae  being  extrseted  iUHKHI  thsreJTrwa  at  40*  in  the  eeorse 
ef  an  hear,  sdbseqpsnt  te  whieh  the  spent  said  was  sent  sJk  mgnmratisn.  Dm 
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■MMwitxwUlMM  flty*  fwr  cafeMMitiai  i«  t* 

ih«  nr  WM  ebtalaad  by  nltntlai  th«  «l«o  17^  •  bat9)i>t/p« 

wthod.  litratiAB  IllTyi  aiaid  aoid  of  tho  foUowiag  oanpooitiont 

SCSI  and  HUf  BMOy,  Tho  preooos  MW  ooBdTwtod  by  namliif  dlaitrr/tolnoM  Isbe 

tho  alxod  acid  at  72  -  76*,  toUonmJ^  alow  raiaiag  of  tho  toi^oratiiro  to  96*,  and 

holding  at  that  toaqjoratnro  for  2-2.5  hro.  Tho  roanltaat  THT  wao  aoparatod  fna 

tho  spont  acid  aftor  alight  dilution-  of  tho  apont  aoid  with  wmtor  (to  brin^Hattor 

content  up  to  about  lOjE).  Tho  apont  acid,  oontaJjiiilng  about  10$K  nitric  aoid  and 

nitrogen  oxldoa  naa  aiq)loyod  to  produce  dinitrotolnono. 

All  throe  atagoa  of  nitration  have  their  own  abaorptlon  oqnipoMnt  to  trap 

tho  nitrogen  oxide  and  tho  nitric  acid  fumoa.  The  i4>paratua  alao  lEB  proTidod 

for  ccaploto  abaorptlon  of  toxic  gases,  with  tho  eonaoquoaeo  that  graas,  brush, 

and  trees  planted  around  those  onterprlsos  did  not  suffer  in  tho  slightest. 

,  .A  noabor  of  Goman  plants  had  osqjorlsMntal  apparatus  for  continuous  nitration 

of  toluene  by  the  so-called  d^ect-flow  and  eountereurren^  Mthoda. 

The  diree*:-f^a«r  T^waio-atase  ■ethod  of  nitration.  The  alxed  acid  nitrates 

0 

toluene  -vapors  to  TUT  in  a  single  stage  in  the  following  manor. 

The  toluene  is  puq>ed  froai  storage  to  a  vaporiser,  where  it  is  heated,  and  . 

•  • 

a  current  of  air  or  nitrogen  is  passed  through  it  to  entrain  the  toluene  vapors 
nitrater 

in  the  nitrater.  Tho  illiilHi  (Fig.49}  is  a  broad  -vertical  tube  aurrouadod  by 
aaothor  tube^  constitutlag-  the  separator.  Tho  nitrator  is  filled  with  aixod  acid* 
Its  lower  pertioB  eeatains  a  perforated  bettea.  The  aixad  acid  and  aixture  of 
air  md  teladae  are  raa  la  beaeath  this  bettea,  aal  thea  pass  ia  thia  streaaa 
threaib  the  eolaai  of  aoid*  The  telaeae  is  altrated  to  TUT  at  90  -  f5**  Oells 


aaffs 
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wltlila  th«  tub*  Mrru  to  rawvu  th*  bMt  uf  rMttiwi.  Dm  yruuu**  •t  aitmtlMi  < 
i«  ragulatud  Yyy  tto  tolMM  duUunr  ud  tbis  la  tun  la  ragulatad  la  aaoardaaM 


a) 


h)  ■ 


Flg.49  -  Contlnuoua-Flow  Nitrator 
1  -  Nitration  portion;  2  Saparation 
portion 

a)  Flu«  gaaes;  b)  Water  to  eoil; 
c)  Acid  drainage;  d)  TNT;  e)  Acid 
circulation;  f)  Mixed  acid;  XX 

g)  Tapors  of  tolueno  and  nitrogen; 

h)  Diaip  to  eaurgency  tank 

40  •>  MU  olem  and  strong  nitric  acid), 
of  78®. 

A  ehortcoating  of  this  aetbod  Is  the 


with  teiq)«rature  readiags. 

Half  of  the  spent  aeid  sad  TUT  are 
reaeyed  froti  the  separator.  Addltiea 
of  oleuB  and  nitric  aeld  to  the  spent 
acid  rsMiaiag  la  the  apparatus  is 
enployod  to  aake  fresh  nixsd  aeid,  which 
is  recycled  for  nitration.  The  spent 
aeid  that  has  been  separated  off  is 
diluted  with  water.  The  dilute  TNT  thus 
separated  is  extracted,  and  the  aeid  ia 
sent  to  concentration.  The  nixsd  aeid 
is  107^  in  total  acidity  (consisting  of 
The  raw  TMT  produced  has  a  freesing  peiat 

large  quantity  of  spent  aeid.  To  elialnate 


this  shortoenlng,  it  was  suggested  that  nitration  be  perfonsed  in  two  stages; 

tolueae  to  aanoaltrotolueae,  and  aononitrotolueao  to  trinitrotoluene  (so  that  a 

frost 

pertioa  of  the  spent  acid  XI  the  seoood  stage  be  a^}loywd  in  the  first  stags). 


(Bibl.58}. 


This  preesss  oeasists 


of  ths  feUewing  stages:  flnt  stags  altntiea  aad  ssparatisa,  soeead  stags  nitration 


and  siTstalliaatisn  of  TVT  trtm  the  spent  aeid,  esntrifugiag,  washlag  with  water 
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(nithovt  nlflt*),  tdr  ixjiMgt  filtarisf  thmfh  thia  fluMl,  Mi  flakiac. 

Fint-atag*  altratloa  la  parfoiMd  la  twe  aitratora  eanaatad  la  aarlaa, 

aad  eoBititatiac  a  eoltam  eoatalalag  a  asraw-tTpa  agitator  aakiag  300  rpa. 

Plataa  to  lataaai^  tho  atlrrlag  aro  aoatad  on  tbo  aitrator  aalla.  Tlio  tolaaao 

aad  aiaad  aeld  of  tho  foUoalag  eeaqmitioB!  60%  H2S0^,  17«5^  HHO^  aad 

aro  doll<rorod  into  tho  flrat  aitrator  frca  abora  aotoriag  dorleoa.  Tho  aora 

i^Mllora  dollTor  tho  oa^Mnaata  through  tho  aitratora  eooooet|4(jiorloa  In  a 

dlrootlon  oppoaito  to  thoir  tondoaey  to  aoparato  into  lajrora.  Tho  aitratora 

aro  proTldod  with  Jaekota  for  cooling  with  wator  or  hoatiag  nlth  atoaa,  aad 

colla  aro  lacking,  aa  thoro  would  bo  no  roca  for  thoa  within  tho  eolam.  >ltration 

is  porfoiBOd  at  30°,  with  tho  objoet  of  rodncing  tho  yiold  of  poti^iaoaors . 

Aa  a  roaolt  of  tho  first  nitration,  a  airturo  of  nltrotoluono  and 

dinitrotoluono  is  fonnod.  Tho  nitro  product  la  iX  aoparatod  froa  tbo  spoat  acid 

in  a  soparator  ahapod  llko  a  U-tubo.  Tho  apont  acid,  hawing  tho  following 

ecqjoaltloB,  70%  6%  HSO3,  and  ^%  gooa  to  donltratlon  aftor  sottUag. 

Tho  liquid  nitro  product  (apocific  graTitT-  1.3)  gooa  to  aoeond-.8tago  nltratiion 

to  TNT,  which  ia^porfozaod  in  mix  nitratora.  Tho  taq>oraturo  in  thoao  aitratora  is 

hold  within  Halts  of  70  to  115^t  Tho  nitro  aizturo  is  of  tho  coB^oaitloa: 

eontalaa 

B6%  H2SO4  and  17.^%  HHO^,  l.o.,  it  HHMIH  froo  SOy 

Aa  diatinct  froa  tho  aotheda  oaployod  in  Qonunjr,  TNT  ebtalaod  17  tho 
'  twD-atago  Bothod,  ia  not  aoparatod  froa  tho  apoat  acid  la  a  liquid  eoadltlm,  but 
tho  nitro  aasa  la  aoat  to  oontalnora  ia  whloh  orTstalllaatlan  of  tho  TUT  oat  of 
tho  aeld  oooara  npoa  atlrrlag  (70  rpa)  aad  ooollag*  FMa  thaao  eeatalaara,  the 
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batch  focc  to  e«ktrlftifC8«  lAarc  tha  acid  ia  rwwTcd,  aad  waahcd  with  water. 

a^^aratc 

Oilvtiea  of  the  apeet  aeld  with  water  ia  aaq»lajad  to  MipitfUli  eat  the 
diaaolTWd  nitre  prodnot^,  which  ia  ntiliied  to  obtain  indaatrial  eaq>loaiTaa, 
whoreaa  the  apent  acid  got  to  firat>atago  nitration  to  aakw  niJM  aeld. 

Thna,  purification  of  TOT  oonalata  of  alow  orTatalUaatloa  of  the  raw  TIT, 

in  which  the  eryatala  of  the  a-iacaor  are  aoparatod  out  in  the  pure  atate, 

and  liq)uritia8  are  dlatrlbutod  oror  the  aurfaco  of  cryatala,  froai  whioh  they 

are  readlljr  renoTod  by  waahlng  in  water.  After  purification,  the  TMT  la  fuaod 

and  dried  by  blowing  coaqsreaaad  air  through  it.  Thla  eonpreaaod  air  ia 
continually 

delivered  enmaamry  into  the  drying  bath.  The  TMT  la  than  filtered  tivough 
a  flannel  filter  and  flaked  with  a  drum.  The  reaultant  product  la  oharacteriaad 
by  high  purity,  la  of  an  abaolutely  idiite  color,  and  Ita  freezing  point  ia  80.7^„ 

The  toluene  eonaua^tlon  per  ton  of  raw  IMT  ia  0.465  ton,  whoreaa  per  ton  of 
purified  TNT,  it  la  0.506  ton. 

"Countercurrent"  nitration  (Bibl.7l).  Figure  50  ahowa  an  Inatallatlon  for 
"countercurrent"  nitration  of  dlnitrotoluene  to  trinitrotolnone. 

The  dlnitrotoluene  goea  to  tlio  No.l  apparatua,  where  it  la  mixed  with  the 
■ixad  acid  from  apparatua  Ho.2,  where  It  waa  utlliaed  virtually  in  full.  The 
batch  then  goea  to  aeparation  tube  b,  from  which  the  aeparated  nltro  preduet  ia 
aeat  to  ^q>mratna  Io.2,  where  it  la  Imaad lately  mixed  with  the  aeoMwhat  atroager 
aeid  arialag  from  iqiparatua  10.3. 

Za  apparatus  le.l,  the  apest  aald  ia  separated,  beneath  the  perforated  plate  a, 
frm  the  aitre  predtMt,  and  ia  rmMved,  faem  the  ^igmratue  by  maaaa  of  aeparatian 
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Fig.  50  -  CoTint«reurr«nt  lltrAtion  of  DlaltrotolMno  (SBT) 

FroA  lo.l  through  No.x  -  oonbinatlon  •q^paont;  a  -  Perforated  plate;  b  -  Separation 
tube;  0  -  Siphon 
(a)  Aold;(b)  Spent  acid 

tube  e.  The  nitrating  alxture  goee  to  apparatus  Mo.z,  where  It  le  "iMd  with 

the  alaoet  oonpletely  nltrat^  dlnltrotoluene  arlelng  fron  apparatus  lo.(z  -  1). 

The  HIT  Is  reswved  froa  apparatus  llo.x  irtille  the  slightly-diluted  aeld, 

siphon 

separated  froa  the  IHT  beloif  the  perforated  plates.  Is  sent  via  the  wjHHHB  tube 
to  apparatus  No.(x  -  1)  countercurrent  to  the  soaewhat  less  nitrated  px'oduct. 

Hethods  of  preduelng  TW  In  OSA  (Bibl.20,  67,  68,  72).  In  the  0SA>  during 
World  War  II,  TRT  was  produced  in  three  stagee,  as  in  Qenauy.  The  difference 
between  the  Aaerlcan  and  Qeiaan  awthods  lies  in  the  fact  that  in  the  USA,  the 
aononltrotoluene  goes  directly  froa  the  first  stage  of  the  nitration  to  the 
second,  and  is  not  subjoct  to  any  further  operations.  The  nixed  acid  for 
nitrating  toluene  to  aonoaitrotoluene  is  of  the  following  cospositlon:  kBf 
1B%  HISO5;  8%  nitre  prodaets;  12$  H2O. 

This  alxture  Is  pr^ared  by  nixing  the  spent  aeld  (frea  the  seeond  stage  of 
nitration)  with  fresh  aitrie  asid.  After  the  first  stage,  a  portion  of  the 


Mid  1«  potirad  into  «  altf«t«r.  'Mlmm  is  run  in,  tad  it  is  only  thsn  thst 
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1 

■ijBtd  Mid  is  gradually  addsil.  Is  ths  prssones  of  tbs  first  ninsd  Mid  as 
■sdiua,,  ths  rsMtion  goss  aors  snoothly. 

Aftsr  ths  SBX  coa^lstion  of  nitration,  ths  aononitrotolusM  is  ssparatsd 
fr<M  ths  spsnt  acid  and  ssnt  to  ths  ssoond  stags.  A. portion  of, ths  spsnt  aci& 

Is  s^loysd  for  nitration  of  ths  nsxt  chargs  of  tolusns,  and  ths  rsstaindsr  is 
subjsetsd  to  ths  nitration  i^th  subssqusnt  eoncsntration  to  98f  sulfuric  acid. 

This  iMt  is  'sai[ploysd  in  ths  production  of  olsum. 

Ths  spsnt  Mid  from  ths  third-stags  MZXBt  nitration  is  alxsd  with  nitric 
Mid  and  ssnt  to  ths  sseond  stags.  This  uixsd  acid  is  of  approxiaatsly  ths 
following  conposltlon:  50^  20^  HNO^;  12S{  KHSO^;  nitro  products,  and 

(>%  H;^. 

Ths  frssh  sdxsd  acid  snqsloysd  for  ths  third  stags  is  suds  of  spsnt  acid 
from  ths  third  stags,  to  which  ons  first  adds  30  -  olsum  (containing  (>Of>  30^), 

and  thsn  a  aiiturs  of  4-0^  ^^2^04  nnd  60^  HNO3. 

Improvsmsnt  of  TNT  production  hu  chlsfly  followsd  ths  lins  of  incrsMlng 
ths  yisld  of  ths  apparatus  by  reducing  cycls  tins  (61bl.68).  Thus,  at  ths 
Pl\aab  Brook  Plant  in  Ohio,  ths  production  cyels  for  making  1.5  ton  of  finlshsd 
|HI  product  initially  ran  2  hrs  10  min.  Vhsn  ths  plant  opsratsd  thrss  shifts, 
this  aads  posslbls  the  production  of  about  16.5  tons  of  TNT  par  day  on  a  slngls 
lias.  TosMrd  ths  sad  of  ths  war,  ths  laagth  of  a  cyels  at  this  plant  was  rsdussd 
to  60  Bin,  which  mads  It  posaiblo  to  brlmg  production  to  53*5  tons  par  day  on  ths 
lino,  soRladlag  loos  pf  tias  d«s  to  Mohaaieal  diffioultlss. 
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this  Increased  produetlon 

As  pelatsd  9  out  b7  fiaifsQ/||idar  (Bibl.68),  m  sohioTsd  bjr  roduein£  tbs 

production  cycle  to  1*5  hours  throu^  shortaninc  the  excessiTeljr  lengthy  periods 

assigned  to  cooling,  settling,  wad  scpsrstlen.pBBDH  Siaultsneously,  both  the 
the 

process  Itself  and/equipmeiit  ware  ■odifled* 

Iteder  the  sMthod  csc^loyed,  nltro  ad^ture  ms  gradually  added  to  the  coxoletc 

dinltrotoluene  charge.  The  addition  ms  perfonaed  In  two  stages*  First,  the 

entire  ‘aaiount  of  olem  miqulred  ms  slowly  added,,  and  then  a  third  of  the  nlxturc 

was 

(50$  H^SO/^'and  50$K  HNO3)  MX  added  thereto.  At  the  beginning  of  the  run-la  of 

the  alxttire,  the  apparatus  contents  foaned  (due  to  the  mission  of  a  considerable ' 

aaount  of  heat).  'Foaning  nade  It  difficult  to  adjust  t«q;>erature  and,  apt 

Infrequently,  the  foam  ran  through  the  apparatua,  glrlng  rise  to  the  possibility . 
and 

of  flre/ejqjloslon.  To  IBC  avoid  those  phenoo»na,  the  sequence  of  consonant  ruiv-ln 
was  changed.  The  product  subject  to  nitration  eaate  to  be  added  to  the  entire 
anount  of  acid  charged,  with  intensive  agitation.  As  a  consequence,  the  anount 
of  BSterial  to  be  nitrated  in  the  nltrator  was  quite  snail  as  conparod  to  the 
nijoed  acid. 

/  • 

In  the  first  and  second  stages  of  nitration,  the  product  wsa  alsost  entirely 

nitrated  by  the  end  of  the  runr-in*  In  the  third  stage,  after  the  dinltrotoluene 

was  run  in,  although  it  was  still  necessary  to  hold  It  for  scsm  pmiod,  this 

« 

nethod  elininated  the  danger  of  foaning  and  subetantially  reduced  the  overall 

4iW.  • 

nitration  g^.  Tcaqierature  was  regulated  nere  evenly,  as  the  product  being 
dsllvered  was  iiMSdiately  nitrated  virtually  to  ce^letlMi*  Begnlatimi  of  the 
delivery  of  the  prsdaet  to  be  nitrated  ■ilntainsd  the  required  tsa^erature  and 
preeess  tiM  was  reduoed  to  tbs  ■imlw  required*  ^rras  glass  tubes,  pendttiag 
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rMdy  obs«mti<m  of  tho  laborfM*  b«t«Ma  altro  pIHlMl  pr«dMt  ud  doid 

I 

)W«r«  InotAllod  on  tho  ooporotlon  lliiX  llnoo. 

Mothodo  of  TMT  prodnctlon  in  aioliad  (Blbl.20,  73)*  During  tho  Soeond 
World  War,  TKT  wu  produeod  by  tho  two-otago  aothod  at  tho  najorlty  of  Brltlah 
planto.  Tho'  flnt  stago  yioldod  mononitrotolueno,  and  tho  socend  TNT,  by 
countorcurront  nitration  of  tho  aononitrotoluono.  Tho  first  installation  for 
coTintareurrent  nitration  was  in  oporation  in  England  as  oarly  as  World  War  I. 
Diarlng  the  Second  World  War,. and  possibly  soBowr^at  earlier,  major  British 
scientists  perfoniod  significant  studies  of  tho  process  of  nitration  of 
dinitrctoluene  to  TOT  (Blbl.63,  64).  This  doubtless  played  an  inportant  role 
in  the  development  of  a  method  of  INT  production  more  advanced  than  that  of 
Germany  and  the  DBA,  countercuri>ent  nitration  being  basic  thereto. 

In  the  first  stage,  nitration  of  toluene  to  mononitrotoluene  is  carried 
out  in  the  usual  cast  iron  batch-type  nitrators.  Nitration  is  performed  by 

running  the  toluene  into  the  mixed  acid  in  the  nitrator.  This  mixed,  add  is. . . 

prepared  from  spent  acid  (from  the  second  stage)  and  weak  nitric  acid.  During 
the  run-in  of  tho  toluene,  tho  temperature  of  the  nitro  mass  in  uhe  nitrator 

w  * 

gradually  rises  from  15^  to  35^,  and  it  then  held  at  that  tosporature  for  20  min 

Upon  eo^)lotion  of  nitration,  the  content  of  the  nitrator  is  transferred  by 

eo^sressed  air  to  a  separator  in  the  fora  of  a  eolusn.  A  spent  acid  (from  the 

first  stage)  goes  to  denitration.  The  resultant  mononltrotoluens  contains 

about  6%  dlnitrotoloene  (of  the  spent  acid  of  tho  second  stage)  and  should  not 
(this  Is  erne 

seataim  telmsae  IHIHI/ef  the  reqnirod  cmdltloas  for  safety  in  stage  2). 


Wbtn  toloMM  with  almtad  PUT  Ml  (utilliM  omitmt  Is  altratsel,  th« 

first— it sg*t  product  is  scbjoetsd  to  dlstillstieev>.  BPOBBDDI  HmsovsI  of  tbs 

gssoliiios  rsduess  tbs  eoBsiMptlMi  of  nitric  sold  in  nitration^  snd  slso 

sliBinstos  tbs  pessibllitjr  of  Ignition  during  tbs  soeond  stago. 

Tbs  onpplsoMntsry  opsrntlon  of  distillation  doos  not  Inoroass  tbo  cost 

of  TWT,  as  Wt  containing  gasollno  is  considerably  ehoapor  than  purs  TUT. 

Tho  second  stags  is  carrlsd  out  in  a  unit  consisting  of  14  nitrators  and 

14  soparators.  The  separators  are  installed  higher  than  tho  nitrators.  The 

nitrators  are  cylindrical  MX  vessels  provided  with  agitators  and  coils  for 

delivory  of  water  or  stoam  thereto,  with  the  purpose  of  regulating  the  teaperature 

of  the  nltro  mass.  The  separators  also  consist  of  cylindrical  vessels  of  the 
the 

fim*  diameter  as/nitrators,  but  of  only  one-half  the  height.  The  interior  of 
the  separators  follows  the  pattern  of  a  Florentine  receiver. 


Fig. 51  -  Diagram  of  Countercurrent  Nitration  of  Toluene.  M  -  Nitrator{ 

S  -  Separator 

a)  Nltro  product;  b)  Acid 

From  tho  nltrator,  tho  nitro  p  mass  is  delivered  to  tho  separator  by 
moans  of  an  Arohimsdes^fsersw.  The  separated  cosq)ononts  flow  through 
frsn  tho  soparmbor  into  tbs  rs^oeti-rs  nitrators,  by  gravity.  Tbo  nitrators 


222 


and  ••parators  hava  hblaa  in  thair  bottom  (eovorad  by  load  diska),  through 
idileh  th«]r  eomaet  to  omrgono/  ooHtalmra  by  plpoa 

Flgur*  51  ahowa  a  planad  rlaw  of  tba  altrator  and  aaparatbr  arrangaaiant. 

Tha  prooaaa  takaa  tha  fom  of  eharglag  aononitrotoliiaBO  into  tho  first 
nitrator.  Wban  it  is  pasaad  In  saquanoa  froa  tha  firat  nitrator  to  tha 
aSparator,  tha  aacond  nitrator  and  tha  aaoond  aoparator,  ate,  through  tho 
fourtaanth  aoparator,  it  amargaa  in  tha  fora  of  TNT.  %%  aulfurio  acid  ia 
run  into  tha  fotirtaanth  nitrator,  and  follows  a  eourao  counter  to  that  of  tho 
oil,  OBorging  from  tha  first  separator  as  spent  acid.  Strong  nitric  acid  ia 
run  into  the  middle  nitratoirs. 

Tha  tamperature  in  tha  separators  has  to  be  tha  same  as  in  the  nitrators. 

Extraction  of  nitric  acid  from  the  spent  acid  by  mononitrotoluana  is 
parfoinad  in  the  first  nitrator.  Water  is  introduced  into  tho  second  nitrator 
to  ready  tha  spent  acid  for  tha  XX  first  stage.  Moreover,  tho  water,  diluting 
tha  spent  acid,  diminishes  the  solubility  of  mononitrotoluene  therein. 

Table  32  shows  the  conditions  under  which  the  apparatus  operates. 

The  process  is  monitored  by  determining  the  XX  freezing  point  of  intermediate 
and  final  nitration  product.  The  freezing  points  of  the  nitro  products  emerging 
frost  nitrators  Nbs.5,  6,  7  and  lif,  are  determined.  The  freezing  point  of  the 
118  nitro  product  from  apparatus  Nos. 5,  6,  and  7  must  diminish  with  increase  in 

apparatus  noiber,  and  this  testifies  to  increase  in  IKT  XOiXXiXX  content.  To 
avoid  spoilage,  the  amunt  of  mononitrotolneM  added  is  reduced. 
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b)  WMfbiiift  Acid  Owt  ef  thw  tUT 


The  IHT  produ««l  la  the  aitration  shop  eentaias  3-5^  Mid,  which  hM  to 
be  rwwwd.  The  Mid  added  to  tho  TNT  M  a  oonsoquoiieo  of  the  ocaplata  coparatlon, 
M  wall  M  that  dlccolTCd  thoroln.  Is  rmoTsd  by  wMhlng  with  water.  The  use  of 
caustic  to  nrutralise  sold  in  the  final  washing  Is  not  penitted,  m  a  consequence 
of  the  possibility  that  hlghly-sensitlve  vetallle  TNT  derivatlTss  of  low  stability 
may  result . 

TNT  is  washed  with  hot  water,  usually  in  the  molten  state.  When  this  Is 

done.  It  Is  not  only  tho  mineral  acid,  but  a  portion  of  the  side  reaction 
products, 

such  as  trlnitrocresol  and  trinitrobenzoic  acid  that  go  into  solution. 
Upon  hot  washing,  the  latter  converts  in  part  to  trinitrobenzene j 


COOH 

1 

1 

-A-NO, _ 

_ 

1  1 
\/ 

1 

\/ 

NO, 

j 

NO, 

'  +  co„ 


In  Qenuuiy,  the  washing  of  TNT  wm  perfomed  by  adxing  the  fused  products 
with  the  wMh  liquid  and  subsequent  decantation  in  the  sasM  ^paratus.  The  washing 
^paratus  Is  of  the  same  design  m  the  nitrators.  The  residual  wMh  liquid  is 
esMuated  by  coapressed  air.  The  TNT  Is  wMhed  thrice:  with  water,  with  3  -  %% 
soda  solution,  and  again  with  water. 

la  ths  USA  and  Saglasd,  TNT  is  WHhed  in  tairiai  with  stirrers,  hot  water  alone 
being  ueed|  This  is  done  4*6  tlass  uatil  residual  aeldlty  is  O.OUt.  The  less 
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uaiMllx 

of  TNT  in  th«  MMh  w»t«r  iU3t  rMohoa  0.5Y* 


c)  Parlfleatlon  of  tho  TNT 

Th«  wMhad  TNT  (rair),  haring  a  fraating  point  of  not  laaa  than  77 *4°  >  contains 
up  to  h%  li^urltloa,  consisting  ehlafly  of  asyasatrlcal  Isonsrs  of  TNT  and 
dlnltrotoluana,  as  wall  of  tatranltroaathana,  oxidation  products,  ate.  Tha 
inpurltlss  induead  production  In-  tha  TlRHOj  froanlng  point  of  TNT  and  dlsdnlsh 
Its- sarrlca  charactarlsties  (causing  it  to  be  oll^).  TNiyii  Tharsfora,  the  raw 
TNT  is  subsequently  purified  of  these  admixtures  either  by  chemical  means 
(conrerting  the  Impurities  into  water-soluble  compounds)  or  by  a  physical  means 
(crystallisation  out  of  the  solvents  or  washing  the  crystalline  TNT  with  solvents. 

Chemical  method  of  purification.  This  method  of  purification  of  raw  TNT  is 

bassd  upon  ocnvsrcion  of  the  impurities  by  react  ir.g  them  with  a  reactant  in  the 

water-soluble  compounds.  It  is  not  difficult  to  choose  such  raactants/ae  the 

major  ls5)urities  of  asymmetrical  trinitrotoluenes  which  readily  substitute  for  the 

nitro  group  in  the  meta-position  with  respect  to  methyl  group.  Reactants  of  this 

amino 

type  may  include  caustic,  ammonia,  methylamlne,  and  other  BQBI  derivatives, 
reacting  with  asywetrieal  trinitrotoluenes  in  accordance  with  the  following 
mechanisms  (Elbl.74}: 
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2) 
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The  dlnltrotoluidlno  obtaliwd  by  th«  saeond  of  those 

MohenisBS  goes  Into  solution  in  the  fom  of  sulphate  salts  when  treated  with 
sulfuric  acid. 

SodiuB  sulfite  proved  to  be  a  more  convenient  reactant,  and  in  the  course 
of  the  last  30  years  it  has  been  widely  ee^loyed  for  the  purification  of  raw  TNT. 

Sulfite  purification  is  baaed  on  the  fact  that  sodium  sulfite  reacting 
with  the  majority  of  the  In^uritios  obtained  as  a  XXIXSpOK  consequence  of  side 

reactions  and  nitration  of  the  impurities  in  the  toluene  forms  co!^>ounds  soluble 

aqueous  _ 

in  water  and  in  Mtnwaw  sodiiuB  sulfite  solution,  with  the  MPif  result  that  the 

loqjurities  are  readily  washed  out  in  subsequent  gjHHHUtHm  operations. 

The  effect  of  aqueous  solutions  of  sodium  sulfite  upon  the  i^^urlties  varies. 

Sodim  sulfite  reacts  in  the  cold  with  asymiaetrical  isomers  of  trinitrotoluene 

readily 

to  form  sodium  afllUB  dlnltrotoluene  sulfonates,  which  are  WHTT  soluble  in  water: 


CHj 

1 

CH, 

/  \ 

1  1-NO, 
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’  +  Na,S03- 

1  +NaNO,, 
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'  S03Na 

j 

NO, 

NO, 

In  the  opinions  of  certain  observers,  the  replacement  of  the  nltro  group  by 


the  sulfo  group  is  an  oxidation-reduction  reaction,  In  this  proeeea,  the  nitrogen 

(the  nltro 

of  the  nltro  group  is  reduced  to  the  trivalent  form  {JUUi/groiqci  is  reawved  from 


the  ring  in  the  form  of  the  nitrous  salt),  and  the  sulfur  of  the  sidfite  grotqp 


uadlergees  oxidation  to  hexavaleaee,  and  enteirs  the  ring  in  the  font  of  the  aulfs 
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grotqc. 


T«tr*nlir<w*thaM  rMMtt  with  ms*  with  •odlm  sulflt*.  th*  J 

•nd  product  UUUti  !■  trlnltrowthui*  -  a  aubatane*  that  la  raadll;  aolubla  la 

watar,  and  produeas  a  yallow  color: 

C(NO,)4+Na,SOj  +  H,0  -  C  (NOj)3H  +NaN0,  +  NaHSO4. 

With  trinitrok«nsana,  an  addition  coaqBOund,  bright  rad  in  color,  and  U 

raadlly  aolubla  In  dilute  IX  sodium  aulflfc  solution  la  formed. 

The  phenol  type  oxidation  products  are  alao  readily  soluble  in  dilute ‘ 

solutions  of  sulfite,  and  form  phenol itea. 

Dilute  sodium  sulfite  solutions  do  not  act  upon  inccsapletely  nitrated  ' 

la^uritiea  in  TNT,  such  as  dinitrotoluene,  dinitrobenzene,  and  also  on 

trlnitrometaxylene .  Therefore,  TNT  going  to  sulfite  purification  has  to  contain 

at*  Idttvb  soffiv  mlulittuitt  Ox  uiivdd  OCwpCundSe 

At  low  temperatures,  dilute  sodium  sulfate  solutions  do  not  act  upon 

“-isomer,  but  in  stronger  concentrations,  they  form  additive  and  other  coapounis 

of  “-trinitrotoluene  and  soditaa  sulfite,  which  give  the  solution  a  bright  red  color. 
SoM  are 

IXH  of  these  coo^DOunds/decos^osed  by  water  with  consequent  recovery  of 

“-trinitr- toluene.  The  solubility  of  a -trinitrotoluene  in  sodium  sulfite  solutions 

depends  upon  the  strength  of  the  solution,  as  is  evident  from  the  following  data: 

dissolves 

3$  sodium  sulfite  solution  XXmXBI  0.3/t  “ -trinitrotoluene  at  20*^;  6%  sodium  sulfite 
solution  dissolves  0.6^  a -trinitrotoluene  at  20^*;  12^  sodium  sulfite  solution 
dissolves  2.3/K  XiOUKiHtt  a -trinitrotoluene  at  20*^. 

Consequently,  even  a  6%  solution  is  a  solvent  of  sufficient  strmgth,  to  cause 
cMuiderable  TIT  losses. 
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Thtn,  whan  250  ee  of  102803  aol^loa  aeti  upon  a -trlnltretoliaoiiio  at 
50,  kO,  50  ami  60^,  tha  total  leaaaa  ara  0.9«  1*1>  2.0,  aad  5.0  pmp  aad  bha 
IrMToralbla  loaaaa  ara  0.4,  -0.6,  1.5  and  5.0  put  raapaetlTaljr. 

Conaaquantly,  loaaaa  of  a-laoiaor  incraasa  conaidarably  aa  tanq>aratura 

*»Maa  is  raised  oYar  Morac'rsr,  tha  leases  baee«M  IrrsTarsibla,  as  tha 

solution  is  diluted,  and  this  indicates  that  the  resultant  coiq>oundr>  are  of 

different  character.  Hlnlnua  loss  of  a-7NT  occurs  when  it  Is  treated  with 

sulfite  for  a  baxIbub  of  1  hr  at  a  temperature  of  loss  than  40*^,  and  Is  diluted 

insiediately 

with  an  equal  quantity  of  \fater  WiM^ny  at  the  end  of  the  reaction .jBiXljl  Therefore, 
the  effect  of  the  strength  of  the  sulfite  solution  and  the  process  taa^rature  are 
taken  Into  consideration,  and  dilute  solutions  are  anployed  In  Industry,  ranging 
in  strength  from  iC  01  acttxve  suxxxuY,  aiu  tiiie  LreaUuent  xs  p6rf0i'jM«u  usually 

at  temperatures  of  less  than  60®.  When  more  dilute  sodium  sulfite  solutions  are 
used,  (approximately  2^),  purification  may  be  conducted  even  at  75°.  Under  those 
circumstances,  the  losses  of  o-lsomer  are  comparatively  small. 

Treatment  with  sulfite  solution  yields  the  best  results  If  It  is  conducted 
with  TVT  In  crystalline  form,  or,  at  least,  in  the  form  of  flne^rushed  grains. 
Inasmuch  as.  In  the  process  of  crystallization,  liquid  Impurities  gather  on  the 
eurface  of  these  crystals  as  a  thin  film,  they  are  readily  subject  to  the  effect 
of  the  sulfite,  whereas  in  dilate  ITIT  or  in  large  grains,  the  i|g>urlties  are 
distributed  throughout  the  mass  and  are,  as  it  were,  protected,  against  the  effects 
ef  tlie  ealflte.  For  this  reason,  the  waehiag  of  TUT  in  the  Dhlted  States  aad 
Oenuny  (6ibl.20,  67,  6d)  is  pi^edeil  by  oryntalUsatlon  of  the  faeed  HT  mader 
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water 


Th«  Mjor  apparatuii  in  th«  •ulfltc  purlfloatlon  ahop  oenalata  of 


1 

cryatalllaora  and  fonnola. 

A  eryatalliior  ia  a  ^rtloal  waldad  ehronii»-nlekol  cyllndrloal  tank  eoTarad 
by  a  layor  of  inaulating  Baterlal  on  tha  ontaida.  Inalda  tho  cryatalUaor,  ia 
a  fraata-typo  agitator  rotating  at  25  rpa.  Rotation  of  tha  atlrrar  ia  by  Boana 
of  an  aloctric  motor  houaod  in  a  closad  apace  abova  the  cryatalllaar  or  outalda 
a  etruetural  mil. 

Staam,  water  from  a  heater,  and  product  llnea  frcmi  the  TNT  metering  davica 

and  tha  aulfite  eolutlon  metering  device  are  lad  into  tho  cryatallizar.  For 

cool 

removal  of  the  steam  and  to  PXSI  the  crystallizer  contents  (by  forced  air  intake), 

ventilators  are  attached  to  the  roof.  An  unloading  flange,  with  valve,  are 

provided  xn  the  botuom  of  the  crystallxzsr • 

Tha  funnel  is  a  cast  iron  or  welded-chromium  nickel-cylindrical  veaaal  with 

a  conical  bottom.  Tha  lower  portion  of  the  cylinder  is  a  lattice  work  over  which 

is  placed  tho  filtering  grid  and  a  sheet  of  aluminum  with  holes  to  protect  the 

filter  from  destruction  during  the  unloading  process. 

121  Hot  water  2Z  from  a  heater  is  IMI  {ed  to  the  funnel.  The  water  mains  are 

in  the  fora  of  tubular  rings  with  openings  (sprinkler  rings).  At  the  bottom  of  tha 

casing  there  is  a  drain  for  the  sulfite  and  wash  waters.  At  the  middle  of  the 

casing, (directly  below  the  mesh  carrying  tha  filtering  fabric)  is  a  TNT  aaaia|[i|  drain. 

After  washing  out  the  is^urities,  the  TNT  is  melted  by  the  delivery  of  live  steam 
bubblers 

through  annular  placed  above  and  belmr  the  false  bottom. 

The  fnanel  eervee  to  rmiove  aal  wash  eat  the  sulfite  solution  and  the 
Impurities  dlseolvM  therein,  which  form  as  a  oonsequMiee  of  the  treatswmt  ef  mf 
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by  eodlm  siilfit*.  Hot  mtor  is  *^o  Mployod  to  wMh  the  itllilMh  TUT  !lapuriti«i| 
thet  ere  preoipiteted  on  the  surface  of  the  eryetele  during  crystelUutloa 
( dlnltrotoluene ,  dinitrobensene } . 

With  the  etlrrer  In  operation,  hot  water  (at  a  tea^erature  of  not  leea  than 
80°C)  and  fuaed  TMT  (the  ratio  being  1:1  by  voIum)  are  run  into  the  oryatalllser. 
The  fans  are  operated  to  cool  the  mix.  When  the  taeiperature  In  the  erystalllBer 
reaches  56  -  58®,  the  sodium  sulfite  solution  is  run  in  (in  the  fom  of 
10  -  15%  solution).  In  the  United  States,  16^  sulfite  solution,  containing  0.5^ 
bisulfite  is  eoiployed. 

separated 

The  impurities  are  MljOLWlg  out  of  the  TNT,  during  crystallisation.  They 
undergo  distribution  on  the  surface  of  the  crystals  of  pure  a -isomer  and 
therefore  besosM  more  readily  accessible  to  the  effect  of  the  sulfite.  If  the 
regularity  of  crystallization  is  interfered  with  by  sudden  cooling  or  nonunifom 
stirring  at  various  times  of  crystallization,  crystal  concretions  or  granules  may 
XiXft  be  formal.  Within  these  llHiiMmRfM?B|HnHUH  concretions  and  granules,  the 
TNT  crystals  will  be  inaccessible  to  washing  with  sulfite  solution.  This  reduces 

the  quality  of  the  IflT  and  results  in  the  production  of  a  low>quallty  product.  Sven 

best 

if,  in  the  WOSU.  instance,  the  granules  fom  after  the  sulfite  acts  iq>on  the 
iMpvctitj,  wty  still  be  the  cause  of  the  production  of  product  of  poor 
quality,  as  they  will  contain  the  mother  seluii-en  of  sulfite,  i^ich  will  net  yield 
to  waahing  by  water  on  the  funnel. 

flBDCi  It  mnat  be  obeerved  that  the  crystallismr  has  te  have  a  meter  of 
euffieient  peessr  se  that,  if  the  agitator  stqpo  aeeidemtally  dmriag  erystalllMtlem, 
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B  It  will  b«  «bl«  to  bo  rootortod. 

I 

t 

TMT  from  tho  gryotoUisor  Is  gnptlod  into  tho  fnnnol,  olong  with  sulflto 
solution.  In  ordsr  for  this  unlosdlng  to  bs  unifors,  ths  er^stslliisr  agitator 
continuss  to  opsrats  until  ths  d^paratus  has  boon  sntirsly  B  Mptiod,  and  tho 
valTS  through  which  ths  aass  is  smittsd  is  psriodieally  clsanssd  with  a  eoppsr 
rod  .1 

Ths  sulfite  isothor  liquor  is  taken  off  by  suction  at  ths  funnel  into  a 

special  rsesiyor.  Tho  TNT  is  then  washed  repeatedly  with  water.  Ths  tss^sraturs 

of  the  wash  water  hu  to  be  in  the  range  of  60  -  68°C.  Hotter  water  may  fuse  ths 

TNT  crystals  into  lursps,  irtille  colder  water  will  not  melt  the  dinitrotolusns 

ispurity  rsaaining  on  the  surface  of  tho  crystals  as  a  flLa.  Both  result  in 
imaccsptable 

Tsai ssYIiaasejKSitTe  productay  os  in  tha  first  instancs,  the  lusps  will  contain 
sodium  sulfit#  mother  X3Cip(X  liquor,,  and  in  the  second,  tho  TNT  will  not  hawe  been 
freed  from  dinitro  XjiKXlGI  deriyativss. 

The  IMT  crystals  are  washed' on  ‘the  funnel  uintll  clear  wash  water  is  obtained 
(absence  of  .fused  dinitrotolusns),  and  until  a  satisfactory  analysis  for  absence  of 
sodium  sulfite  Is  obtained.  The  freezing  point  of  the  TNT  must  TBk  not  be  lass 
than  «0.3°C. 

tapped, 

INT  for  analysis  funnel  (at  Its  mlddlsi,  liUAM  in  terms  of 

height),  and  the  wash  water  is  discharged  through  a  drain  line. 

Ths  spent  MSlUiWi  sodiioi  sulfite  and  ths  washed  alkaline  water  miust  not  bs 
seat  into  the  ssaw  ttmf)  ss  the  acid  wash  water  (two  oatoh  boxes  shsuid  be  prsTldsd, 
MS  for  oaustlo  and  ths  ether  for  sold  water),  for  ths  feUowiat  rsassas.  Salfits 

m 

*  »  ^  » 


»• 


wat«r  eontaiiM  sodim  aalt,.  ami  dlnitrotdlMM  aulflta  Midi 

CH3G^H2(V02}2^3Va,  sodivai  sulfite  and  sodiun  nitrite  Kall02>  When  this 

mtsr  mixss  with  aeid  water  containing  H2S0j^,  the  foUoNrlitg  reactions  liay  occur, 
as  d«BK>nstrated  by  Battegay  (61bl.62)) 


Na,SO,  +  2H,SO,  -  2NaHS04  +  H,0  +  SO,; 


CH, 

I 

CH, 

1 

1 

I'^-NO, 

1 

/N-no, 

j 

— 

l^/-SO,Na 

( 

NOa 

NHj  . 

+3H,S04. 


The  aodium  salt  of  the  nltro  amino  toluene  sulfuric  acid  will  undergo 
dlasotlsation  in  an  acid  medium: 


CH, 

I 


-NO, 

-SO,Na 


+  NaNO,+H,SO, 


NH, 


I  j  +Na,S04  +  2H,0. 
SU,H 

r 

N-N'HSO, 


The  and  product  of  the  reaction  >Fil]  be  nitrodiasotoluene  sulfuric  acid, 
which  is  unstable  to  the  effect  of  teiq>erature  a»l  exceedingly  sensltlye  to 
shock,  as  a  consequence  of  which  its  formation  is  dangerous  and  iiodesirable. 

A  major  advantage  of  the  sulfite  ptu’ifleaticm  of  TNT  is  the  siig)lioity  of 
the  equipewnt  involved.  The  bulk  of  the  Npparatus  is  readily  replaceable  aisi 
ijMUqMBslvs, 

Sulfite  purifieatlen  ef  INT  is  a  less  dsaferees  eperatlen  (perilculerl/ 
with  rsspest  te  fire)  than  crystsiUsation  iSX  eiit  ef  the  solvent.  Hewevw,  a 
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eouidwrabl*  Motanlatlm  of  TVI  In  th«  nppar«tus  ■hkrpljr  radiMMi  this  advaatac** 

*i 

ehiafly  baeauaa  of  th«  faot  that  thay  funotlon  batehwlaa.  Lat  aa  raaark  in 

‘  O 

paaalng  that  thai  intaialttant  natura  of  tha  prooaaa  ranlara  autoMtlo  ■onltariiig 
and  control  vlrtiially  iaa)oaaibla. 

Sulfita  purification  of  tha  cryatalUsad  IMT,  and  partinularly,  tha  proeaaa 
of  crystalllaatlon  of  TMT  under  water  In  contjnupua  eqpparatua  praaanta  aajor 

>  i 

tha 

dlff icultiaa .  The  problem  of  sulfite  purification  by/continuous  aathod  is 

readily  solved,  if  it  is  to  be  performed  with  fused  TOT.  HoweTer,  this  method  has 

significant  disadvantages,  when  comixired  with  purification  of  the  crystalline 

disadvantages 

prcxluct,  tha  most  important  of  those  ssaaats^ftas  being  the  lower  dagi'as  of 
purification  and  the  Increased  losses  of  a -isomer  due  to  the  Xt  high  tas^rature 
at  which  the  purifica^on  proceeds. 

In  purifying  fused  TOT,  fiije  amulsification  is  required  to  increase  the 

contact  surface  between  the  reacting  componente.  Under  these  conditions,  the 

freezing  point  of  the  raw  TNT  may  be  raised  by  a  2  -  2.2®, 

In  Gonnany,  the  sulfite  purification  of  TOT  in  the  melted  state  was  performed 

under  the  following  conditions:  iHIiriMX  siUfite  solution,  which  was  from 

-i_  to  —I-  of  the  TNT  weight,  teB5)arature  80®C,  sulfita  solution  treatment 

4  5 

time  15  ~  20  min.  Another  variant  sew  the  pTu*ification  performed  at  80  -  82®  by  a 
i%  sodium  sulfite  solution  equal  in  weight  to  tha  TMT  being  purified.  After  tha 
sulfita  purification,  tha  TNT  was  washed  two  or  three  times  wir,h  water  and  then 
seiit  to  drying. 

123  In  ieglami,  the  TVT  we»  purified  emly  la  the  melted  eeadltioa.  Perlfiaaiiam 

(  I 
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WM  eoaduetad  in  ceatalacrB  hayijig  stirrers  in  which  ths  TRT  hsd  prswlsvsly  bssii(| 
washed  free  of  a<oUL  •  A  1.5$  sodiww  sulfite  solutlsD  (1  part  selutim  bjr 

weight  to  1  part  THT  by  weight)  was  added  to  the  fused  TIT  at  75  -  77%  and 

V 

stirred  for  an  hour.  Two  such  washings  were  perfonaed.  When  high  quality  TRT 
was  to  be  aide,  a  2$  sulfite  solution  was  prepared  for  the  sulfite  washing. 

At  the  end  of  the  war.  sodium  sulfite  was  r^laeed  in  the  lAiited  States  by 
aomonlun  sulfite.  The  IKT  was  purified  without  prior  washing.  This  aeasure 
significantly  IncreastKl  the  yield  of  product  and  at  the  sssm  time  substantially 
reduced  the  overall  purification  cycle  (Bibl.68). 

Physical  methods  of  p\a‘ificatlon.  The  sulfite  method  of  purification  of 

TNT  has  very  significant  shortcomings:  large  irreversible  losses  of  product 

(up  to  10$)  and  the  formation  of  a  substantial  quantity  of  very  iUMHIMXI  to::ic 

spent  water.  Physical  methods  of  purification  of  TNT,  based  upon  recrystalliaing 

it  out  of  solution  or  upon  Mtfhing  the  crystals  with  solvents,  rsduce  the 

irreversible  losses.  The  isqcurities  separated  out  of  the  solvent  may  be 

oqiloyed  as  e3q)loslve8. 

recrystalllsatlon 

In  Qemany,  wai^aUtllBUilW  of  TNT  froa>  alcohol,  from  toluene,  and  from 
nitric  acid,  was  esqjloyed. 

Rceryatalllsatlon  of  TNT  frosi  alcohol  is  oms  of  the  longest-known  msthods 
of  purification.  The  TRT  was  first  %  wmshsd  to  proper  acidity. 

In  Qermany,  when  crystallisation  from  alcohol  waa  perfonMd,  the  alcohol 
to  IRT  ratio  was  3tl  i*e.,  ths  produet  was  mot  oesq>letely  dissolved,  but  was 
■sraly  aashsd  with  tost  alaotoel,  snd  erystalllsad  im  ttis  {M^snea  of  alsabal.  Ths 
TIT  was  ssiparaisd  frsto  the  aether  liqsal*  in  a  eaeusB  filtw  and  wsshsd  with 
para  alaatosl  ti|NR>  in  B  Itl  ratio* 


on  'iho 

At  on*  plant,  th*  drying  of  IffT  wu  ptrforMd  HZK  vnonm  fUtnr  flUi 

!, 

WM  iu«d  for  aoparatloa  of  th*  aotttar  aleohol  and  wnahing  with  puM  alcohol. 


Thi»  auetlon  air  waa  paaaad  through  a  r«g*n*ratlon  iqjparatua.  After  aapAration  of 
the  Bother  and  aaah  alcohol  ^hot  air  (toag>eratur*  60°$}waa  USB  directed  l>*naath 
th*  filter  neah.  ni*  product  on  th*  filter  wna  atirred:  with  an  agitator.  Th* 

£ilr  paaaed  through  the  neah  and  layer  II  oi  products,  'nnon  the  filter  diaiMter 
waa  3  ■  and  the  charge  waa  300  -  400  kg  of  TNTj  drying  'Sik  took  about  4  hra.  Thia 
nathod  of  separating  the  mother  liquor  U  and  of  drying  the  pi>oduct  made  it 
poaalbls  to  reduce  alcohol  losses  to 

Alcohol  ei^loyed  In  purification  may  be  used  5-6  times  subsequent  to 
which  it  la  sent  for  redlstll.Latlon.  The  consequence  is  repurified  alcohol 
•tiu  an  aujaijctura  of  TKT,  which,  undsr  the  title  of  "trotyl  oil**  is  as^lcysd  in 


the  numufacture  of  atmnonltes.  Alcohol  purification  of  TNT  offers  only  two 
advantages:  the  absence  of  toxic  wash  waters  and  the  possibility  wf  making  use 
of  the  l^uritleis:  separated  from  the  TNT.  However,  this  swthod  has  a  ntaabar  of 
significant  inadequacies.  The  most  ia^ortant  of  thess  are  the  losses  of  costly 
solvent,  the  bulklnese  of  the  apparatus,  the  danger  of  fire  and  of  ex  .sion,  and 
certain  other  ehortcoBings  as  well.  In  Germai^r,  crystallization  of  TNT  from  toluyl 
was  apparently  carried  out  in  accordance  with  the  ssm  technology  as  erystalliaation 
out  of  alcohol.  Tha  differanee  lay  in  tha  fact  that  ths  TNT  was  ooaqjlstaly 
dlasolvad  In  tha  toluene  at  60°C.  To  do  thia,  one  part  tolues*  by  walght  11  waa 
aavleyad  £  0.9  part  TNT.  Th*  aolut.lea  was  eoelad  to  25**,  and  the  TNT  SB  that 
oiTBialllsed  eat  was  oeatrlftBed,  and  than  wanhsd  rapeatadly.  Tha  ttiaan*  waa 
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reeorerad  hy  lime  stean  distillation 


Vlk 


An  vffort  WM  WKl*  to  purify  TNT  by  erystalJIlMtlon  fron  nitric  ncid 

f 

on  two  contlnnoUi^tloB  piocM  of  aqalpMSt.  Tno  purification  was  porfenMd 
as  follows. 

Ths  TNT  was  dlssolvad  at  6(fiC  in  ths  wothor  nitric  acid  (apprexlaatslyf/OSt) 

I 

taken  in  3:1  ratio.  The  TUT  solution  was  rtm  continuously^  into  a  crTstalllssr 
with  agitator,  whsrs  ths  tsi^>sraturs  was  held  at  25  -  30^*.  Tho  content  of  the 
crystaXliser  then  went  onto  a  belt-type  cellular  vacuum  filter.  lUMHtIUi  Here  the 
product  was  washed  excessively  by  strong  60^,  and  KX  then  by  nitric  acid,  and 
finally  in  warn  and  cold  water. 

The  wash  acids  were  reused,  as  indicated  Xi(Bibl.75).  The  strong  wash  acid 
was  added  to  the  mother  liquor,  and  was  also  employed  to  dlsBolve  the  TMT.  The 

! 

excess  acid  was  dlWHHtaa  diluted  with  water  to  eepar-ate  cut  the  nitre  preduet-s, 
which  went  to  the  manufacturer  of  explosive  mixtures.  The  60f  wash  acid  was  sddsd 
to  ths  30$£  that  had  been  used  for  washing.  The  30^  wash  acid  was  mixed  with  ths 
wash  water. 

The  TNT  thus  purified  was  msltsd,  wasbsd  ones  again  with  hot  watar,  and  then 
dried. 

d)  Pnrijit  of  the  TMT 

HIT  le  dried  In  a  saparate  building,  rawoved  to  tha  distance  required  frost 
considerations  of  eafsty,  and  surroundsd  with  an  aarth  SBd>aBk»ant.  Tha  dryiug 
units  consists  of  a  drying  bath  and  a  drua  for  flaking  tha  TNT.  < 

The  diyiMf  drsns  ecnelst  eithsir  of  ^Itnlrical  veeaels  (in  Oermsay  they 
ware  the  aasa  aa  the  aitratere))  or  ef  raotsagnlar  eoataiaen.  At  the  battsB  of 
thaw#  vetaala  ia  a  eeil  for  para  staia,  ani  air  babblera.  Prying  is  ptfffQi— d  by 


437 


i 


blowlac  aoapr«M«d  air  at  a  prManr*  of  0.35  -  0.40  ata  throagh  a  Utmt  ef  aaltaal 
TMT  hoatOd  to  100*C«  Tha  opaat  air  aaoapoo  into  tbo  faa>  along  with  tha  ■alstara, 
through  a  tuba  eoanaotad  to  the  vppmr  portion  of  the  eomr.  Beneath  tha  eerar 
there  are  nonntad  the  aprlnklar  tnboa  of  a  dranehing  aTotoa  to  drown  tha  TVT  la 
water  ahould  it  catch  fire. 

Tha  ta^Boratura  within  the  drying  apparatus  is  naasurad,  a#  a  rule,  by 
ronoto-oontrol  thamoiiatar.  Iha  voluaa  of  the  drying  bath  functioning  on  this 
principle  should  be  such  as  to  assure  3D(1  that  TNT  reaialiis  in  it  for  30  -  40  nin. 
(aasialng  the  layer  of  TNT  to  be  small). 

In  Germany,  TTTT  is  also  dried  by  blowing  through  with  air,  but  whan  this  is 
done  the  apparatus  is  kept  under  vacuum  DC  (500  Bin  Hg)  and  is  eoi^letely  filled 
with  TNT.  When  the  capacity  of  the  apparatus  is  15  m',  the  drying  time  is 
4-6  hrs. 

TTae  drying  is  imnitored  by  means  of  the  freezing  jHiIiUt  point  of  the  TNT  in 
a  specimen  for  analysis.  If  the  freezing  point  proves  lower  HUB  than  that 
required  (80.2®),  which  testifies  to  inadequate  drying,  the  rate  at  which  the 
TNT  is  run  In  is  dlmitu'.sbed. 

The  dried  TMT  flows  from  the  back  into  a  heated  trough  beneath  the  droa  for 
flaking. 

The  flakire  dnse  is  an  ei^jty  cylinder  In  horisontal  position  rotating  on  two 
Jonrmals,  also  hollow,  aouated  in  flat  end  plates.  lasartad  into  tha  drm  ia  a 
aamaci,  eldamd  ajrliadar  of  snallar  diaansiona,  faataaad  to  the  oaKtar  of  the 
astanMa  dnm  Im  «u«h  fashian  as  to  laaTS  batwaem  thiM  a  free  spaas  eapsble  af 
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b«iBg  fillid  with  «at«r«  The  eoolaat  w»tar  niters  sod  Isstss  thrsugb  ths 


125 


I 

JOWBSlS*  ^ 

Bsnssth  the  dmi  Is  s  trough  hsriag  a  stonai  coll  at  Its  bottcsi.  llis 
aoltan  IHT  sntors  tho  treu^  trem  tho  drying  bath  by  grawlty  flow,  iil  aa  stated 
IHHHHiili  prerioasly,  fhe  draa.  Which  is  OB  iaeersad  a  few  centlaeters  Into  tho 
nolten  TNT,  rotatea,  and  picia  19  a  flla  of  TNT  on  its  cold  surface.  The  TNT 
rapidly  freeses  into  a  thin  crust.  The  frosen  TNT  is  removed  froei  the  drm  by 
a  bronse  knife  and  falls  into  a  hopper  as  flakes.  The  knife  extends  across 
the  entire  surface  of  the  drum  and  is  pressed  close  against  the  generator  of 
the  cylinder  by  neans  of  a  weight  on  an  arm  of  a  lever  mounted  along  the  axis  of 
tho  knife. 

The  thickness  of  the  flalccs  may  be  regulated  in  accordance  with  the  intensity 
of  cooling  of  the  drum  by  the  iX  height  of  tho  level  of  the  THT  in  the  trough 
beneath  the  drum,  or  by  tho  rapidity  with  irtiich  it  is  rotated. 

The  drum  and  the  trough  are  covered  with  an  alumlnimi  hood.  Beneath  the 
knife  is  an  aluminum  funnel  -  a  hopper  carrying  a  slider  that  serves  to  receive 
the  flakes  and  load  them  into  containers. 

It  has  been  proposed  that  TNT  bo  flaked  (Bibl.76}  by  pouring  the  molten 
product  through  capillary  tubes  heated  to  a  temperature  greater  than  the  melting 
IP  point  of  TNT.  The  density  of  such  TNT  is  0.9  -  1.05  volumetric,  and  1.55  -  1*60 
absolute. 

nis  flaked  TNT  is  loaded  eltheir  into  wooden  beowe  or  into  Jute  saeini. 

Fimiehed  first  grade  HT  hae  to  sailefy  tba  fdUemiag  i^aolfiaatiems.  In 
a^epaavdaee  It  mmat  ba  tMaegsmaeue  mass  sf  flakss,  bright  ysUow  or  yslloN  im  solsr. 
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vithoot  fiaibl#  or  siffw  of  ■eioturo*  Th»  freoilJiC  poixt  otaoold  f 

I 

b«  not  1ms  than  00.2°.  Tha  oontaat  of  ■eisturs  sod  TolstllM  should  bo  Mi 
OTor  0,07%i  Mldltx,  is  tsaas  of  should  net  sonoad  0.015(.  Iho  oMtsnt 
of  substsaoM  Insolnbls  lu  boasoM  or  tolunw  should  act  bo  oror  O.ljS.  sad  olliusas 
should  not  bo  groator  XBOEI  xhan  that  of  a  staadard  spaetMa  for  eom^isoB. 

Tho  Best  iaportant  orLtorion  of  TNT  quality  la  tha  fraaslng  point.  A  high 
frsotlng  point  toatlftas  to  tha  pvurity  of  tha  product  and,  emsaqaantly,  to  its 
stability.  Anethor  factor,  also  porfaetlng  tha  ehaaleal  stability  both  of  tha 

'DIT  itsolf,  <u>d  of  the  shall  casing,  is  tha  acid  eontant. 

i.  volatile 

Thatanslnatlon  of  the  moisture  and  SOIEXXIK  content  in  1ST  charaetariSM 

its  e:^losivo  propartlM,  as  elevated  moisture  content  reduces  the  sausitlvity 

of  TST  to  detonation.  An  increase  in  the  content  of  insoluble  IjDurltiM  may 

change  the  sensitivity  of  the  TST.  Thus,  sand  as  iapurity  inereasM  the  shook 

and  friction  sonsitlvlty  of  TNT.  Tho  olllnass  of  TNT  primarily  eharactorlSM  its 

ssnsitivlty  to  a  cap  detonator. 

1ST  that  falls  to' satisfy  any  of  those  eonditlona  must  bo  rojoetod.  All  typM 

of  rejects,  excluding  those  due  to  coBq)letely  randou  causes  (the  introduction  of 

send  by.  the  wind,  moistening  by  mater,  etc.)  reprMont  primarily  violations  ef 
devlatlcBMi 

end  'JHUkkMi  frcsi  the  proper  production  proceee. 

loject  matter  due  to  high  acidity  is  exceedingly  rare.  Sojeetlsia  for  freeslng 
poist  and  eiUmees  may  be  a  ceasequenoe  both  of  the  Imadequate  quality  af  tha  IST 
daliveared  f)Fo%the  aitratlea  depertiseirt.  sad  of  fhllsrm  ta  adhara  ta  ihm  prsysr 
procMSM  of  trestasut  af  tho  IMT  la  Uw  erystal  liner  ead  the  vaeuM  fosMl. 
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Etjwtlfld  for  oUiaaM  asy  alco  b«  a  eoiuMq>a«a«  of  laatiqMta  rmmml  ef 

■MhijM  oil  fNa  tho  «ijr  folag  aixiac  preoooo  in  tka  drjrlHc  bath. 

lojootiea  boeaaso  of  laaolablo  rooiduo  aad  eolor  io  a  eoaooqiMaioo  of  tho 
eloanllaow 

loTol  of  PBI9  of  bho  oator  and  tho  apparatui.  Whoa  a  bow  ajsparatao  or  om 

that  hao  net  eporatod  for  soao  tiaa  is  started,  the  eoler  of  the  first  lots  ef 

TlfT  will  Rovor  bo  noiwal.  Bojoation  doe  to  sieistvro  |s  a  eesooqoonoo  of 

iaadoqpiato  dr7ing  in  tho  bath  (low  to^Mratnro,  poor  alxiiig,  ozeossiro  speed,  etc.), 
anisturo 

Hojootion  duo  to  iHHtiW  say  bo  ddhssdadh  taftas^hUdi  rocororod  by  rodryiag, 
whilo  rojoots  for  froosing  point,  oilinosa,  and  insoluble  rasiduo  au^.  bo  roeororod 
by  roerystallixation.  Rejects  for  color  cannot  bo  corrected,  and  this  typo  of 
IHT  is  employed  to  nanufaeture.  industrial  ezplosivos. 

Toward  tho  end  of  tho  war,  Goratany  conmrtod  to  tho  manufacture  of 
soeond-gralo  TMT,  with  a  froosing  point  not  under  79«0°,  thus  ponaltting  tho 
TNT  to  bo  purified  by  sulfite  in  tho  fused  condition. 

Tho  eitorials  required  ]^ai>j  WfiThB^aliBSMt,  In  Gorman  Industry  in  ths 
prodxKtloB  of  80''ond>grado  TNT  were  as  XSUHKX  follows  (per  ton  of  product): 


Toluoao  .........  .  k... 

Olsxs  (rocoKputod  as  monol’iydrato)  ........... 

Initial  sulfuric  acid  (rocoaqjutod  as  monohydrate)  .  .  . 

Nitric  acid  (roeosqputod  as  aonohydrato) . 

Sodiuai  Sulfite  . . . 

Sodium  IZn  bioau'bonato  . . 

Electric  power  ...  .  ......  . 

Watior . . . . 

Hoam  . . 

I4mo  itme  asatralidatisa  of  disohMfisd  wmUr)  .  .  .  .  . 


0.5CX)  -  0.550  toss 
2.065  -  2.105  tens 
0.740  -  0.750  t«w 
1.27  -  1.33  tons 
0.035  -  0.040  tons 
0.010  ten 
approx.  250  kw  hrs 
approx.  160  w? 
aK»va.  10  tatm 

Ok^  teas 


It  mast  bs  obaorsod  that  tho  irtoalsessibls  Ismos  of  sulforlo  said 


210  -  240  kf f  Mi  tb«  r«Hdat«r  «M  rwi>rlc»d  li  into  e«nwr«i«l  avlfarle  aoid. 

Th*  eoastaption  af  altrle  aold  nu  Mtwlljr  4f|  200  >  250  kg,  M  that  waa  tha  f 

qoaatlty  that  vaa  trappad  la  tha  abaarptlaa  iaatallatloaa. 

a)  Batoadfloatloa  oX  Waata  Watara  aiUirr  MtowfMtart 

In  eonnaetlon  with  tha  pronounoad  Ineraaaa  in  tha  praduetlon  of  TVT  daring 

World  War  II,  raaoval  of  tha  aaata  aatara  acquired  major  algolfloanea.  Vo  laaa 

ii^ortant  a  problam,  and  Intlmataljr  Intarwovan  with  tha  foimar,  la  that  of  making 

uaa  of  tha  TNT  bTprodueta  in  tha  aaata  waters. 

In  TST  production,  waste  waters  coma  Into  being  whan  the  TNT  Is  washad  to 

remove  add  and  to  gat  rid  of  iji^urltiss.  In  the  former  case,  tha  water  Is 

contaminated  with  acid  and  nitro  products,  although  to  an  insignificant  dagraa. 

In  tha  latter  case,  If  the  stdflte  method  of  purification  (the  pu>st  popular)  was 

product, 

e^iloyad,  tha  water  was  contsminatad  by  a  considerable  amount  cf  nitro  )miiliik|p 
and  wta  therefore  vei7  to3dc.  On  the  average,  the  amount  of  toxogen  in  this  water 
cams  to  80  am  90  kg  per  ton  of  TNT  manufactured. 

It  has  been  found  that  decontamination  of  the  waste  water  of  TNT  production 
required  dilution  by  not  leaa  than  100,000  times,  Thd:  Is  possible  only  when  a 
very  large  rlver,or  a  sea,ls  available.  For  this  reason,  enterprises  distant  from 
major  bodies  of  water  require  special  devices  for  the  purification  destruction 
of  the  discharged  Industrial  waste  water. 

First,  the  discharge  waters  are  sent  through  a  system  of  traps  to  pick  tq> 
the  TVT  contained  la  the  form  of  emulsion.  There  auet  be  separate  treps  for  sold 
aid  alkmliiis  vmkere,  as  aixiag  of  those  waters  is  Jjipeimiasible  due  to  the 
possibility  that  ths  hi|^dy  sensitive  s3q;>loelve  eabetaiMre  >  dlmltrsdlaaetelweme 


■vlfcale  Mid  <•  Mgr  b«  feiaid 


■< 

f 

Itethpds  of  jmrlfyiiii  41seh«rg«  ifciwid  mtmr*  rt  1WT  puMvctiva  that  Iwml^ 
alaotrolyaia  ar  radnetion  of  nitro  ofl^wtada  by  Iren  fUinga  are  not  an>llaabla 
baeanaa  of  tha  aspaaaa  larelvad.  Pnrlfloatioa  of  1  bP  of  aatar  raqniraa  aaarlgr 
mm  40  kW'hra  of  anargy  of  30  hg  of  iron  whan  tliw  iron>fljing  raduotloa  aathad 
la  oi^loyad. 

In  tha  Unltad  States,  during  tha  entire  period  of  tha  war,  the  diacharga  watara 
of  niT  plants  located  near  large  rivers  ware  a^>tlad  Into  the  water.  It  was  found 
by  Investigation  that,idian  a  given  degree  of  dilution  by  tha  river  Water  was 
attained,  this  water  ranainad  satisfactory  for  water  supply  and  narina  Ufa  purposM 
both  in  tMta,  toxicity,  acidity,  and  color. 

Where  It  Is  not  possible  to  dta^)  discharge  waters  into  large  bodies  of 
flowing  IX  water,  these  waters  are  evaporated. 

neutralised 

In  Gensany,  discharge  waters  are  first  idildand  with  soda  and  then  discharged 

Into  bodies  of  water  or  evaporated  and  UMMl  burned  (Blbi.77).  Hentrallsatlon  is 

by  adlk  of  lias  and  Is  carried  until  the  BKMsMK'pH  of  the  discharge  waters  is 

M 

froa  6  >  d.  The  neutralisation  installation  fucctlons  SB  follows. 

The  lillill  wMh  waters  from  high  explosives  production  go  to  special 
settling  eqaiisHat.  The  lias  for  neutralisation  Is  slaked  In  druM,  and  the 
milk  of  liM  thus  obtained  la  sdxed  in  tanks  and  directed,  through  an  aatcnatle 

regnl-'’tor,  into  a  labyrinth  where  it  is  nixed  with  the  discharge  watere.  Thaa, 

sediMat 

the  water  goes  to  e  large  elarifieation  beela  where  the  gypeia  ■DBHBi  that  1m 
fenwd  is  settled.  The  sediMat  is  paepsd  tnm  ths  basis  ts  a  saettoa  filter. 


trm  iibieh  it  it  currimi  to  •poelAl  pits*  Aw  wtar  tiM  elariflocilwi 
{prptui  goM  throngh  •  cok*  flltor  and  than  flam  iato  a  larga  bedy  ef  SC 
actor  (Blbl.TS). 

wat-preaaeo 

It  ila  than  auggaatad  that  dlacharga  vAtar  oo  purifiad  by  MB  coiibaatioB 

of  tha  disoarda  in  the  pras«tea  of  an  iron  oatclyat  at  taaporatnrMocf  760*^  or 

nera.  By  tMa  nathod^tha  oontaiBlnatad  aatar  is  araporatad  in  a  fUmaea  aad  tha 

ataao  it  auekad  out  with  air  through  a  natal  tuba  fillad  with  pronotar,  whish 

is  also  inslda  tha  fumaoa.  Tha  nost  actlwa  proatoter  in  coppar  ohroad-ta  (Bibl.79)« 

4  nsthod  of  biological  parification  of  tha  iadnatrial  wasta  water  by  oxidation 

of  tha  jftititMMXlp  lapurltioa  by  nieroerganiaati  has  boon  davalopad.  A  aarious 

obataela  to  this,  howawar,  is  tha  toxicity  of  TMT  production  Mitors  for 
nioroflora  ,  baaaa 

■taaanaaw  which  are  the  active  XHB  for  biological  purification.  This 
rapidly  results  in  tha  death  thereof  (Bibl,79). 

Racantly,  tha  purification  of  industrial  wasta  water  has  coaki  to  be 
p«rfoj:iBaii  by  TiUfT  ion-axchanga  rosins  (Bibl.80).  This  is  ^)parantly  i^plleabla 
to  dlsoharge  waters  of  TWT  production, 
f)  Safety  and  labor  Protection  in  TOT  Production 

In  addition  to  tha  safety  rules  epOBon  to  all  types  of  nanufac luring,  throe 
spaolal  problaaa:  tha  danger  of  a3q>losion,  fire  danger,  and  poisoring,  have  to 
be  considarad  in  HCT  production. 

Tha  danger  of  fire  in  TKT  production  arisaa  froo  a  niabar  of  factors: 
a)  The  pooaibllity  of  Ignition  of  tha  IMT,  particularly  in  tha  drying  prasaaa 
aad  .la  iMC-tam  eoatlaets  with  tha  baatad  bady  (tha  walla  of  tha  ataan  sail, 
ataaa  plpaa,  ate.)  wbieh  oaaaea  laacs^oaitleii  tharaaf} 

SlA 
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b)  TIm  p«i«ibllit7  lipiitlm  of  toloono  «ad  ■oaonltretolaMe  bjr  a  opark* 

I 

InMBneh  w  tho  dotoaotlos  toaporatnra  of  toloono  io  l.'r.  Ml  tbo  flMb  ]>otat 

t 

ia  554®! 

e)  Tho  doagor  of  icoltlon  of  tho  tolwmo  vpon  eoatact  with  the  aoloago  or 
with  altrle  aeid  ftawo. 

Tho  following  phywlologleol  eonsoqnoneos  of  TIT  Mund’oetiiro  oxUt: 
o)  Sffoeta  of  nitrogen  orLdo  and  nitric  acid  iMiim  fuBoa  i^on  tha  blood  and 
protoplaaat  (auziwni  ponalaaiblo  concentration  0.Q05  ag/ltr  eoe9>utod  aa 

b)  The  offaota  of  tolnona  fooea  v^on  the  blood,  lapon  tho  roopiratory 
organa,  and  \;^on  narro  colls  (aaxisuB  porwissiblo  concentration  0.1  ag/ltr); 

c)  Sulfuric  acid  fuaoa  (SO^  from  oloum)  upon  aucoua  nambrano  (aaxlatai  0.02  ag/ltr) 

d)  iKT  dust  (auudauB  poraisslblo  XX  2  ag/a^). 

Merooror,  sulfuric  acid,  nitric  acid,  gpl  apant  acid^and  acid  water  produce 
akin  bums. 

In  aeoordanca  i/iith  tha  XSB^pOZXXg^  foi^^oing,  tha  rooms  and  buildings  in 

which  TNT  is  aanufacturad  have  to  ba  fireproofed  to  a  aaxiaim,  cmvoniont  for 

dangerous 

sarriclng  tha  proeasa,  and  IB  of  the  least  possibl*  heights  All  shops 

(nitration,  purification,  drying,  storage)  have  to  ba  surroundad  fay  earthen 
embankments.  Tho  BM  fauiidlngs  should  haao  a  Bight  lightweight  front,  largo 
windows  and  a  roof  that  can  readily  ba  knocked  off.  Tha  doors  and  staircases 
must  bo  suoh  as  to  permit  r^id  oaaeuation  of  personaol  if  nsoesoary,  so  that 
each  work  positioa  has  aaeoss:  to  sot  loss  than  two  salts,  sad  ths  distaaeo  to 
ths  sadts  is  ast  IX  msrs  thsa  15  m.  Artifisial  Uglht  mast  bo  prOTBoi  by  sewsss 


prorldlag  no  danger  of  oxplssiMi 


TantlMtln  •bonld  b*  auah  m  t«/  utmr*  tiw  cbMiM*  SMI  daoi«ms  §tM*,  4 
foiM,  ud  dwt  trm  tha  air,  or  a  eoaftant  tharaaf  not  gr««tar  than  tha 
parnlaaihla  aaxlniai.  la  nitratora,  drying  batha,  and  othar  ainilar  i^parataa. 

Hi  iadividoal  gaa  auction  anat  ba  proridad. 

To  praraat  peasibla  firaa,  toluaaa  eontalaara  anat  ba  eutaida  of  tha 
flrat-ataga 

bulldlaga,  Tha  ZOMBCSBBB  and  aaoond-ataga  nitratora  and  B^>aratora  aboiwi  hava 
darleaa  for  dallvary  of  oarbon  dloxLdo  in  oaaa  of  flra.  Tha  dryer  roon  ahould 
hara  a  dranehar  ayataa  of  flro  control.  Hydranta  ahould  bo  proridad  inaida  all 
buildinga,  and  tha  uatar  syatan  both  in  tha  bulldlnga  and  in  tho  yards  auat  pamit 
puaplng  in  aithar  direction. 

Gases  fren  tha  apparatus  which  are  to  ba  absorbed  are  coUoctad  in  two 
separata  coUactorst  the  first  for  gases  frea  the  first^stage  apparatus,  and 
the  second  for  second-  and  third-stage  apparatus,  to  prevent  contact  between 
the  toluene  ftaMs  and  those  of  strong  nitric  acid.  Tho  condensate  from  these 
collectors  is  assanbled  in  different  containers. 

The  basic  measure  to  prevent  e^losions  is  strict  ndherenca  to  the  tscbnioal 
flew  sheet. 

Iltration,  aa  IXX  has  already  been  noted  above,  le  an  exothermic  reaction, 
idileh  is,  Mreover,  accoi^>anied  by  oxidation  and  hydration  of  the  Sulfuric  and 
nitric  acids  by  water  formed  in  nitration  sad  oxidation,  as  a  eensaquenea  of 
which  the  overall  hast  affect  virtually  doubts.  To  maintain  hast  aqulllbrltmi 
Im  tha  i^rvtam,  tha  nitratora  are  prarUad  with  paMwrfol  ' cooling  davlces  -  jaskats 
and  ceils.  Tlalmtlea  af  hast  aqailihriai  My  ba  aaaaed  hy  canatlon  af  AaUwary 


1 


of  tho  ooolut  9T  by  lapropor  eoiidititt  of  tho  prooMo. 

VhOB  &  bho  MtoiiM  lo  •iMfad  (m  a  MwofMiMo  of  radtaeoi  t  ■<pol  ot  pro  or 

iaadoqaato  oenewtratloa  of  om  of  tho  ooaptAoato)  ,  ooiipomato  aot  oiitoriJig  into 

tho  rooetion  will  ooetmloto  la  tho  opporotao,  tad  thio  a^  rooalt  la  a  rapid 

Incroaao  ia  to^Mraturo,  which  will  IZB  alroadj  aot  bo  e^pablo  of  boing  ooatroUod 

by  oooiiag.  Jia  tho  first  aad  ooeond  stagoo  of  nitratioa,  tho  sitaatlea  may  rooalt 

In  oxpiilslon  of  aitro  aaao  and  flro,  and  In  tho  third  atago  aay  oroa  rooalt  in 

ojQiloaien.  Thorofero,  tho  anroactod  eoa^ononta  in  tho  nitration  bath  aust  bo 

hold  to  coneontratlona  that  aro  loaa  than  daagoroaa. 

In  tho  firat  and  aoeoad  atago  of  nitration,  tho  nitration  voloelty  is 

groat,  at  tho  aeeoptod  ta^Mraturo  roglao  and  aetirity  of  tho  aeid  aixtaroa. 

Roaotion  botwoOn  tho  coa^onenta  ax  onda  alaw^t  entiraly  thoy  aro  dralaod  out. 

In  tho  third  atagoi,  nitration  velocity  ia  eonoidorably  alotior,  aad  thoroforo,  whon 

eeaoantratloaa 

tho  ccapononta  aro>  aotorod  in,  it  la  nocaaaary  XM  to  aako  aura  that  XXZHXXBB 

do  not  roach  a  aUjpDEBDI  dangoroua  atate.  In  datoradning  what  coacontratiea  is 

aafo,  it  la  noeoasary  to  taka  aa  onoia  point  of  d^xarturo  that^lf  cooling  eoasoa,  tijo 

roactod 

toaaxoratnro  of  tho  nitre  mass,  idwn  ono  of  tho  oaaipoaoBts  has  XDBI  in  its  ontiroty 

d/ 

(usually,  this  is  tho  nitric  acid shall  not  riao  abovo  tiad  lovol  (120*’)  boyond 
which  intonslTO  JBipsam  proooaooa  of  oxidation  aot  in. 

In  tho  third  atago  of  nitration,  ootry  of  oil,  rags,  aad  othor  objoota  of 
ttljlUyiiMtiliaii  highly-oxidisabla  natorial  into  tho  aitrator  is  vory  dwigorona,  as 
tho  ii%h2/«c9Bsaatratod  acid  Bixturo  aoy  causa  than  to  bsooM  aarbeslasd  tU  to 


ignito 


la  rvmSa^  tb«  pree«M,  th«  appumtaa  wui  anat  pJBi  fiT*  prUw 

If 

attantioB  tci  ttw  tfanparator*  and  anat  oontral  it.  mi  taa^^tor*  ahaald 

Jtiq;)  to  Ita  audatai,  tho  rua-in  of  otapoamts  mat  ba  eut  doaa  or  atappad,  aad 

If  tha  taaporatura  la  tha  ^jparatna  in  tha  third  ata^a  ahauU  Jmp  to  orar 

lii#,  tha  soatanta  of  tho  ^pparatua  auat  ba  doapad  iato  aa  jawganey  taak  flllad 

with  watar,  atKl  eoa^raaaad  air  auat  oiaultaaaoualy  ba  dlractad  tbaraiu. 

Stlrrlag  In  nltratora  auat  ba  aaaurad  by  two  anargy  aoureaa  oparating 

Indapandaatly  and  awitchiag  autooatieally  froa  oaa  to  tha  othar,  and  if  tha 

agitator  aheold  stop/ atxidonly,  dallvary  of  tha  coaqpoMnta  auat  at*^,  aad 
Bora  Intanaiva 

HXmEm  cooling  auat  be  eut  In. 

To  reduce  tha  poaalblllty  of  i|toWlU  apontaneoua  coabuation  of  tha  TMT  and 
tha  intamodiatoa  of  prxxiuoilon  tharaor,  oara  MUab  b*  taken  tc  pFcvida  systassti; 
raaujTal  of  aaploaiva  rasiduaa  froai  the  <^paratoa.  It  ia  alao  nacaaaary  that  the 
apparatua  have  no  apota  wharo  aubatance  can  aceuanlata  In  atagnant  fom  during 
tha  proeaaa,  or  apota  difficult  of  aoeoaa  for  cleaning.  Thoae  "dead  sonaa**  ara 
tha  aoat  probable  areas  of  spontaneous  coBbustlon. 

In  all  apparatus  in  which  exploaivaa  are  present  at  high  toaparature 
(nltratora,  line  baths),  ihatruBonts  auat  be  installed  for  autooHitle  ragnlatioa 
of  tha  taq>aratura,  aad  to  signal  an  increase  therein  above  a  apaeifio  lerel. 

Tha  preaanee  of  certain  iapurities  aay  also  ineraaaa  toadamiaa  B  to 
spoataaeous  coaibuistiou,  ^a  taRdeaer  ia  fhrtherad  aoat  airaagly  by  thoae 
iaparitiae  oostalaad  ia  1R  waste,  as  the  sajwelty  of  iaatfnsas  of  i^SHUaasas 
pQSdiastiaa  la  Tit  in^aatlsB  has  had  to  da  with  tiia  ratraahssat  of  aaataa* 


Thasa 


lOflKB  pr«diMt«  Mi  wl7  lgait«  rMtlil/,  but  tlwir  MidmitiMi  preiMi*  to 
d«t(m»tioB  p«rtieul«rl7  r««di2^.  It  !•  «lso  aooooway  to  boor  ia  Bind  tbo  olorotod 
soaoitlTlty  of  hootod  oaplooltroo  to  ■oehonleol  offoeto.  Iblo  is  eftoe  tho  prias 
eOTWo  of  ooeidORto  la  aoaa^txiro. 

Oaeo  tho  oaplooloo  hM  boenn  to  burn,  tbl*  eoabustion  aa^  proeool  qulotly 

to  eo^plotioB,  but  it  aay  also  tonninato  in  dotonatloh.  A  eeort>osti«i  of  hi^ 

8:q>loslvoo  Is  loss  intonslTO  at  tho  outset,  and  it  is  thoroforo  possibla  to 
firs 

control  tho  SDB  at  tho  aoownt  that  it  arisos. 

Flros  in  nltrators  and  soparators  are  controUod  by  stirring  the  batch  with 
an  agitator  or,  in  oxtrcmo  eases  by  air.  HIT  that  has  caught  fire  in  tho  drying 
bath  is  dousod  with  water.  Nitrators  and  soparators  have  ZSX  to  have  a  dependable 
<m>paratus  for  du^jing  the  batch  into  spoelally-provldod  reservoirs,  filled  with 
>Ator. 

Tho  charging  of  the  cos^ononts  oust  be  in  block  with  stirring  so  that  a 
cessation  of  agitatcr  notion  autosatically  st'^pe  charging.  Kaeh  nitrator  anst  bo 
equipped  with  a  device  that  clearly  shows  whether  the  agitator  is  working,  and 
if  delivery  of  electric  power  ceases,  the  agitator  notor  atust  autcsMitieally 
switch  to  other  power  source. 

Xvery  four  weeks,  the  cooling  coils  must  be  tested  to  detemlne  idMtber  they 
are  still  leakproof,  by  a  test  prsssure  of  not  Isss  than  5  eta. 

The  lines  sirving  to  deliver  the  nitr?  BHpBli  eesqtounds  in  liquid  fern  sheold 
not  bent  (or  Mg).  They  nnst  be  laid  IS  with  snfflelently  SIOIHB  unifwni  alwpe 
s«<  t*  to  aaka  it  inpoMlble  for  the  nitre  eshpeenit  therein  te  atspiste.  Tgiwiie 
ami  oeeka  on  the  plpeliaas  niwt  be  ae  deaipMd  as  to  Mdos  It  iapeieibls  fsr 


rMidw  to  eellMt  in  "doni  imm*. 

To  leoaliso  oj^IooIom  vltbln  •  •bop,,  it  !•  doolrbblo  to  ourrouid  sot  oaljr 
tho  drying  shop,  but  thf  porlflMtion  nad  altratioB  sbop  with  an  ourtiioD 
wboakMiit.  Tim  ootput  eo^MMity  of  ohopo  in  whieh  tharo  lo  ||  dnitgor  of  oo^looioa 
shotild  bo  ilnltod. 

k  nunbor  of  aMOouros  woro  tokon  at  tho  Qonoiut  IHT  plants  to  install 
autonatie  locking  and  autaaatle  nonltoring  of  tho  tochnoiwgical  procoss.  Th® 
nitration  ahopa  had  autcanatic  (or  hydraulic)  ccaqsonent  dolivory  broakors^to  act 
if  tho  agitatora  coaaoioporating.  Contact  rosistemco  thomonotora  in  block  with 
130  aaMrgoney  aignaling  ayatana  wore  installed  in  the  nitratora.  Those  thorenonetoro 
function  at  two  limiting  too^ratures  in  tho  third-stage  nitration  nitratorst  a 
lowar  limit  of  76®  and  an  upper  of  96®, 

All  the  lEDDQQDDBQi  nitration  shops  had  emergency  tanks  with  water  for  cooling, 

wore 

should  tho  delivery  of  water  cease  from  pipelinea,  ^diich  in  turn  ««»Ta  eut  off 
automatically  when  the  pressure  in  the  water  systsm  dropped.  In  all  shops 
presenting  any  danger  of  fire,  a  sprinkler  system  was  provided.  In  addition, 
inert  gss  was  delivered  to  certain  types  of  apparatus  (such  as  tho  TMT  drying 
i^paratus). 

The  production  shops  were  usually  built  of  ssiall  sise.  Tho  plants  had  several 
identical  parallel  shops*  The  nitration  sh^s  for  produstioa  of  ■onoaitretolumM, 
dinitrotoluene,  and  TUT  ware  separate  (not  under  a  single  roof).  In  buildings 
idiere  large  aisouata  of  ei^ljosivee  were  eeaeeatfatad,  the  basic  epipgftnt  was 
,  snak  belcsr  gf  ssmd  level. 
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Of  th«  nitr®  dwiiwtitw  «t  bmaiM.  only  dinifcrobwuwm  hM  tnrm  n  U«itdd 
UM  M  an  raplMlT*.  It  in  a  waak  and  iM,  mmnom,  qolta  tade. 

TrinttrebanaoM,  an  iMtploslTi  aora  pomrful  than  Tlf^»  prodwad  on  an 

indnatrial  aeala  boeauaa  of  tha  difficulty  of  intr>«™i*»«  third  nitro  gfroap 
into  tha  dinitrobaniana.  ’niia  randara  tha  «^>loyntnt  ofi‘i>ana«ia  for  tha 
production  of  aaqjloaivao  irrational,  daapita  tha  f*ot  that  ita  availability 
In  natural  acurcaa  (patrolaoi  and  coal)  ia  aljMat  tlaaa  as  grant  aa  tha 

content  of  toluana,  which  ia  widaly  ■iployod  for  nanufaetura  of  TWT. 

The  following  data  parnita  ona  to  judga  tha  aealo  of  utilisation  of  bansana 
for  production  of  ojqploaives.  During  the  First  Vfcrld  VBL  War,  the  production  of 
dlnitrobanaana  in  Gannany  was  21%  of  the  total  quaftbity  of  nitro  eGaq>onud|  but 
during  the  Second  World  War  it  was  only  5,^%, 

In  19Wf,  the  following  ware  produced  from  ban»«n*  (ih  tons): 


Dlnitrobanaana  .  15 >000 

Picric  acid  . . .,..,•••••  3  000 

Hajqrl  7  000 


XI  Sjjctaan  thousand  tons  of  benzana  wara  ^  the  pi*oductlon  of  these 
aiqjlosivaa.  However,  the  bulk  of  this  was  «^Ioyo<i  to  produce  synthetic  toluHte, 
on  which  43  >200  ttma  of  banaana  was  e:q)anlad  par  y*v.  Synthetic  toloana  obtained 
from  baaaaiM  and  nathanol  is  vary  ooqjanslva,  and  this  Ms  sharply  raflactad  in 


